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ABSTRACT
Extraction of an ignitable liquid sample from a semi-porous surface such as
concrete is especially difficult. For this purpose, two different solid oil dry absorbent
materials, Instazorb and MAXXAbsorb, were researched for use of collection of ignitable
liquid samples at a fire scene. These oil dries were spiked with different ignitable liquids
(Coleman fuel, gasoline, kerosene, and diesel). Isolation of the ignitable liquid from the
oil dry absorbent was accomplished by passive headspace isolation. Data was obtained by
gas chromatography coupled with flame ionization detection (GC-FID) and gas
chromatography coupled with mass spectrometry (GC-MS). Chromatograms obtained
from both oil dries for the various ignitable liquids used, resembled the chromatograms
for the respective neat standards. This demonstrates that these two-specific oil dry
materials do not interfere with ignitable liquid isolation, extraction and identification by
practices common to forensic analysis. In addition, the backside of tiles and concrete
sections were both examined to mimic the semi-porous surfaces from which ignitable
liquids are commonly obtained. Trials show that the Instazorb and MAXXAbsorb oil dry
are not a good solid absorbent for this application.
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Chapter I Introduction
Fire Tetrahedron
Fire is a rapid and sustained oxidation process with the evolution of light and heat
at varying intensities. A common oxidation reaction for a simple fire involves an oxidizer
and a fuel. However, for a fire to be rapid and sustained, fire can be thought of as a
modeled tetrahedron requiring four things: an oxidizing agent, fuel, an ignition source,
and a chain reaction. For most fires, the oxygen in the air is the oxidizing agent. The fuel
component can be a variety of compounds including solids such as charcoal, gases such
as propane, or liquids such as alcohol or petroleum products. Ignition sources create the
spark or flames that begin the chain reaction of the fire and can be natural, accidental or
intentional. The chain reaction is called combustion. Combustion is the chemical reaction
between the oxidizer and a fuel that has been ignited. The combustion aspect feeds more
heat to a fire and allows it to continue while the supply of the oxidizer and fuel remain. In
2016, 1,342,000 fires were reported within the United States of America. 1 These fires
resulted in 3,390 civilian deaths, 14,650 civilian injuries, and approximately 10.6 billion
dollars in property damage.1 When either property damage or injury/death of a person
happens as a result of a fire, an investigation is brought forth.
Fire Investigation
The investigation helps determine the ignition source and/or fuel that started the
fire. This investigation can also possibly help determine who started the fire. During a
fire investigation, one of the very first questions asked is where is the source of the fire?
This is a critical question within the investigation because close examination of the fire’s
origin could help the investigator determine whether the fire was intentional or not.
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Indications of whether a fire was intentional or not are usually given by examining the
ignition source and whether any additional fuels are present. As stated previously, an
ignition source can be natural, accidental or intentional. Examples of natural ignition
sources would include lighting strikes or high winds breaking power lines. An accidental
ignition source would include electrical short or a kerosene heater/gasoline generator
malfunction that could start a fire. The last ignition source is intentional. An intentional
ignition source is when someone sets a fire on purpose. Examples of intentional ignition
source are to start a campfire or to set a fire to be able to harm or damage property. If it is
an intentional source, information concerning the fuels present becomes very important.
Liquid fuels that might be present near the ignition source are called ignitable liquids.
The most common ignitable liquids are petroleum products that are flammable such as
lighter fluids, paint thinners, and a variety of fuels (gasoline, kerosene, diesel, etc.). When
ignitable liquids are identified at a fire, arson is suspected.
The crime of arson is when a fire is intentionally set to hurt or damage someone
or property. In 2010-2014, 261,330 intentional fires were set, causing 440 civilian deaths,
1,310 civilians injuries, and an estimated 1 billion dollars in property damage. 1 The
motives for setting the fire could be someone trying to get insurance money, or trying to
cover up another crime such as a rape or murder. The fire scene becomes a crime scene
when the investigator believes the ignition source is intentional and it is thought to be
arson.
To determine the source at a fire scene presents a challenge to investigators
because fire can destroy almost everything. However, deeply charred areas and burn
patterns can give an indication of the origin. A closer examination may give details of the
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ignition source and fuel. In the case of arson, the fuel usually involves the addition of
ignitable liquids. These liquids are most commonly placed onto liquid-absorbing items
such as a chair, couch, or carpet which then helps sustain the fire. Once ignited, the
furnishings and ignitable liquid add fuel to the fire. The identification of the ignitable
liquids at a scene can help prove an intentional source, therefore, could help prove the
crime of arson.
Petroleum Refining Process
An ignitable liquid is a form of a petroleum product that is flammable. To fully
understand the analysis process of an ignitable liquid by a forensic examiner, one must
understand the handling of petroleum products into an ignitable liquid. Petroleum is
created over many centuries by “the decay of organic matter, primarily aquatic plants and
animals.”2 This decaying organism is held by rock under pressure and at proper
temperatures, which allows the oil shale, liquid and gaseous hydrocarbons to be created
and stored. The decaying processes creates crude oil, a mixture of hydrocarbons and
organic matter, which is an unrefined petroleum product. After the crude oil is extracted
from the earth, it goes through a refining process. These refining processes are what
transforms the crude oil into the different useful and marketable petroleum products.
There are three simple processes used to refine the crude oil into petroleum products.
These three ways are:
“I. Separating compounds based on boiling point.
II. Changing the size of molecules in order to increase the amount of product
within a desirable boiling point range.
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III. Modifying the type of molecules present in order to increase desirable
properties.”2
Initial separation of the crude oil is accomplished by factional distillation using either
atmospheric or vacuum distillation methods, both of which take into consideration
boiling points. A boiling point is when the liquid changes from its liquid state to vapor
state. Fractional distillation separates the components by raising the crude oil’s
temperature so that various compounds within the crude oil begin to vaporize. When the
boiling point of a compound is reached, vapors will rise in the fractionating column. As it
rises, the compounds vapors will begin to cool, creating condensations. This
condensation can be collected which creates the different chemical fractions within the
crude oil. Atmospheric distillation is where the incoming crude oil is distilled into many
different boiling point ranges and processed further.3 Atmospheric distillation is usually
done for fractions that have low boiling points, typically below 400°C. However, some
fractions within crude oil will have higher boiling points, so reducing the pressure, which
in turn will decrease the boiling point, allows for separation. Vacuum distillation is
performed at the bottom of the distillation unit with pressure below atmospheric. 3 As a
result, heavier compounds are more easily separated with vacuum distillation.
Once the fractions are collected, further processing may be done to achieve a final
desired end product. This is done by changing the size of molecules or by modifying the
type of molecules. Cracking can be accomplished through thermal or catalytic action,
both of which break a molecule into a smaller one. Reforming uses a catalyst to take
small molecules into larger ones. Alkylation uses the presence of a strong acid to convert
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low molecular alkenes to alkylate, a high-octane gasoline component. Modifications can
also be done to remove impurities such as sulfur and water.
American Society for Testing and Materials
Boiling points can also be used to help define the various petroleum
classifications or components. In forensics, two American Society for Testing and
Materials (ASTM) documents are commonly referenced in regard to ignitable liquids:
ASTM E 1387-01 and ASTM E 1618.4,5 ASTM E 1387-01 classifies groups of ignitable
liquids by molecular weight.4 These groups are light petroleum distillates (LPD), medium
petroleum distillates (MPD), and heavy petroleum distillates (HPD). The LPD have low
boiling points and typically range in carbons from four to nine but could go up to eleven.
MPD typically have a carbon range of eight to thirteen, and HPD have a carbon range of
eight to twenty.6 As a result, these different categories provide different chemical
properties and physical properties to the petroleum product. Since other techniques now
provide more definitive information, in 2010 this standard was withdrawn. With this
standard being withdrawn, analysis by GC-FID should be considered a preliminary
identification.
ASTM E 1618 further classifies ignitable liquids into groups by their chemical
composition and molecular weight. Classifications using this ASTM are: gasoline,
petroleum distillates, isoparaffinic products, aromatic products, naphthenic paraffinic
products, n-alkanes products, de-aromatized distillates, oxygenated solvents, and othermiscellaneous.6 The gasoline class encompasses all types of gasoline including gasohol
and is characterized by abundant and specific aromatic patterns with low levels of
aliphatics.6 Petroleum distillates class is the traditional petroleum products (kerosene,

5

diesel, camping fuels, and charcoal starters etc.) and show a gaussian distribution peak
pattern and aromatics are present.6 Isoparaffinic products “are composed of exclusively
of branched aliphatics. n-Alkanes, cycloalkanes and aromatics are usually absent or
present at insignificant levels.”6 Aromatic products are composed of “almost exclusively
aromatic (including polyaromatic hydrocarbons) compounds.”6 Naphthenic-paraffinic
products are composed of “mainly branched aliphatics and cycloalkanes. n-Alkanes and
aromatics are usually absent or present at very low levels.”6 N-Alkane are “exclusively nalkanes. Isoparaffinics, cycloalkanes, and aromatics are absent.”6 De-aromatized
distillates included petroleum but do not show aromatics or unusually low levels. 6
Oxygenated solvents contain oxygenated components and can be seen by tailing in the
chromatograms.6 Others-miscellaneous is the final category used if a sample does not fit
into a category above.
Both the understanding of how the crude oil refining process uses boiling points,
and how ASTM classifies these petroleum products as ignitable liquids, aids the forensic
examiner in analysis of a sample. However, this knowledge must be combined with
correct collection of the sample at the scene so that identification of the possible ignitable
liquid can be obtained.
Collection
The identification of ignitable liquids requires the collection and analysis of fire
debris from the fire scene. The collection phase is important since the samples must be
obtained and preserved so that analysis can be conducted. Most common ignitable liquids
are volatile, meaning they easily evaporate at normal temperatures. To prevent the loss of
the ignitable liquid due to evaporation, collected samples should be packaged in air tight
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containers which will also prevent contamination. Most common containers used for
samples include unlined metal paint cans with friction lids, glass mason jars with screw
on lids, and nylon or polyester plastic bags with tight interlocking ziplock. 2 An unlined
metal can such as a paint can allows for an air tight seal because of the interlocking rimed
lid. This prevents loss of ignitable liquid vapors and any possible contamination since the
can is unlined. Glass jars can also be used since a lid can be tightened, however a
protective layer must be inserted (usually foil) between the lid and jar to prevent
contamination from the rubber seal. The rubber seals can produce peaks within the
chromatogram which may present a problem interpreting data. Some specialized plastic
bags have also been used however, most forensic labs prefer metal cans. This is because
the sample would typically be transferred to a can for isolation of the ignitable liquid.
Once the container is chosen, the sample is collected, placed in the container, labeled, and
sealed so that it can be sent to the laboratory for analysis.
Isolation Process
Once collected, there are many different methods that can be used for isolation of
the ignitable liquid. These include solvent extraction, direct headspace, passive headspace
with activated charcoal strip, dynamic headspace concentration, and passive headspace
concentration with solid phase microextraction (SPME).6 Solvent extraction is where a
solvent is applied to the fire debris sample. The solvent is a “single component solvent
(polar or non-polar), with high volatility to allow concentration by evaporation such as
carbon disulfide, pentane, methylene chloride, or diethyl ether.” 7 The choice of solvent is
dependent on the ignitable liquid being miscible within the solvent. This allows for the
ignitable liquid to be extracted from the sample into the solvent. The amounts applied
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should be enough to “thoroughly moisten the sample”, then “mix the solvent and
debris.”7 An extraction time of less than one minute is typically used with “multiple small
volume extractions.”7 The solvent is then collected and concentrated if necessary before
analysis.
Direct headspace heats the sample in the container to create volatiles from the
debris. These volatiles rise to the top of the container during the heating process and after
the container is removed from the heating apparatus a syringe is placed into the container
to extract the gas from the container for analysis.8 Dynamic headspace uses inert gas to
purge the sample container. Volatiles are trapped on a solid sorbent material. The solid
sorbent material is then placed in an organic solvent to elute the volatiles for analysis.
Passive headspace is the most common used extraction technique for fire debris
analysis due to thorough research.9 Passive headspace involves the placement of a solid
sorbent into the container. The container is then heated to create volatiles which are
trapped onto the solid sorbent substance. There are two types of solid sorbents; an
activated charcoal strip and solid phase microextraction (SPME). Activated charcoal is
carbon that has been treated with oxygen to create a highly porous charcoal substrate.
The porous surface of an activated charcoal strip allows vapors to pass through the
charcoal and chemically bind with the exposed carbon. The activated charcoal strip can
be used to isolate any ignitable liquid. The strips “do not absorb water or nitrogen but
have a high affinity for hydrocarbons and being resistant to oxidation.” 10 DFLEXTM
strips are the most common activated charcoal strip used.
Several different types of SPME fibers can be used for hydrocarbons. ASTM
E2154-15a recommends a 100 μm polydimethylsiloxane for carbon range of 10-25 and a
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85 μm polyacrylate or 75 μm carboxen/polydimethylsiloxane for carbon range 1-10. 11
There is a slight difference in the analytical procedure when of using an activated
charcoal strip or when using SPME. With SPME, the fire debris is heated for 20-30
minutes or longer to reach desired temperature between 60°C to 80°C, and the solid
phase micro-extraction fiber is placed into the container to trap the vapors. 11 After 5-15
minutes of the SPME fiber being in the container, it is then placed directly into the
instrument for elution and analysis. When an activated charcoal strip is used, it is
suspended over the fire debris in the container and heated at 60°C for approximately
sixteen hours. The trapped volatiles in the activated charcoal strip are then extracted by
an organic solvent, so that analysis can be conducted.
Analysis
Just like there are variations of the isolation method, there are also two
instruments that can be used to identify ignitable liquids: gas chromatography with flame
ionization detector (GC-FID) or gas chromatography with mass spectrometry (GC-MS).
Ignitable liquids are complex mixtures ranging from a few as 3 or 5 compounds to
several hundred that require separation before individual components can be identified.
Gas chromatography (GC) provides a quick separation with high sensitivity, resolution,
and accuracy. Due to this, it is the instrument of choice for separation of the complex
ignitable liquids. A simple schematic of a GC is in Figure 1.
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Figure 1: Schematic of a GC12
As shown in Figure 1, there are three basic parts of the GC: injection, column,
and detection. A sample is placed into the injector port. There is one main injection
system that is used on a GC when preforming ignitable liquid analysis: heated
split/splitless injection. Split/splitless injection allows the analyst to choose between
either a split or splitless injection. A split injection lessens the amount of sample entering
the column. This helps prevent overloading the detector with very concentrated samples
because a portion of the sample is vented. Splitless injection allows more of the sample to
reach the detector by condensing the sample near the oven inlet. After the sample leaves
the injector it reaches the next area of the GC which is the column. The GC column
separates the compounds by using both a mobile phase (carrier gas) and a stationary
phase (column). The mobile phase carries the sample’s compounds through the heated
column. Depending on a sample’s chemical and physical properties, the interaction with a
specific column causes each compound of the sample to elute at different times. For GC
analysis, the sample “must possess appreciable volatility at temperatures below 350°C-
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400°C.”13 Recalling the refining process earlier discussed, it is known that crude oil is
refined by taking advantage of boiling points. The GC column separates the components
in a similar manner, taking boiling points into consideration. The column temperature of
a GC is initially lower to allow the sample to condense in one area to prevent peak
spreading. The elution order of the sample components is based off the interaction
between the column and the sample. If the sample is polar and the column is a polar
column, the sample with interact effectively with the column due to the similar polarities,
“like dissolves like” properties. Due to the sample and the column having similar
polarity, carrier gas flow and temperature can be used to aid in the movement and
separation of components through the column. For instance, the slower a sample moves
through the column allowing more interaction with the stationary phase and thus,
separation of a complex sample. The faster a sample moves through the column, less
interaction with the stationary phase, allowing less separation. Adjusting the carrier gas
flow and increasing the column temperature allows compounds with lower boiling points
to separate from higher boiling point compounds. After the components elute off the
column, the carrier gas carries the analyte to the third portion of the GC which is the
detector.
One detector that can be attached to a GC is a flame ionization detector (FID). A
FID uses an electrode placed adjacent to a flame which is near the end of the column. As
the sample exits the column, it is exposed to the flame. The formation of cations and
electrons by pyrolysis of compounds at the flame creates a current between the electrodes
which can be translated into a peak on the chromatogram. The intensity of each peak is
directly correlated to the amount of a compound that is reaching the detector at the given
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time. A FID is a reliable detector for ignitable liquid residues to be applicable for a GC
because “(1) it is a universal detector and responds adequately to hydrocarbons, and (2) it
is of sufficient sensitivity that is can be used in conjunction with capillary systems to
detect low levels of” ignitable liquid residues.2 Average FID sensitivities range from 1011

g and 10-9g.2 An image of an FID is shown in Figure 2.

Figure 2: Schematic of FID14
In a complex sample, such as an ignitable liquid, as each analyte reaches the FID
detector, a peak is created on the chromatogram. A sample GC-FID chromatogram of an
ignitable liquid is shown in Figure 3. The measurement on x-axis of the chromatograph
is in minutes which is the retention time. Retention time is the “measure of the time from
the injection of the sample into the system to the moment it elutes from the column and is
detected.”2 The y-axis records the intensity from the FID detector.
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Figure 3: A neat diesel sample chromatogram obtained from GC-FID
Retention times and intensities of ignitable liquid components peaks give the
overall peak pattern of the chromatograph which can be related to a specific group of
ignitable liquids. GC-FID data can provide preliminary information to a fire debris
analyst. As stated above with ASTM E1378-01, most ignitable liquids are classified into
three different groups: light, medium, and heavy. Light molecular weight compounds
characteristic of LPDs typically have a range from four carbons to nine carbons, which
results in the main peaks falling in the beginning of the chromatogram. In the time range
of zero to two minutes in the chromatogram of Figure 3. Medium molecular weight
compounds characteristic of MPDs contain a range from eight carbons to thirteen
carbons, so the main peaks will fall in the middle of the chromatogram. In the time range
of one to five minutes in the chromatogram of Figure 3. Heavy molecular weight
compounds characteristic of HPDs contain a range from eight carbons to twenty carbons
or more, so the main peaks will fall near the end of the chromatogram. In the time range
of one to eight minutes in the chromatogram of Figure 3. An initial interpretation of a
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fire debris chromatogram peak pattern allows an analyst to quickly distinguish these size
classifications. This allows a forensic scientist to compare an unknown sample to an
ignitable liquid library. The examiner must understand the relationship between peak
height and size compared to the amount of ignitable liquid present within the sample
along with comparing peak patterns from the unknown to a known standard. 2 In most
instances, it is not necessary to perform a quantitative analysis for the ignitable liquid, but
simply requires a qualitative indication of its presence.
A technique that can be paired with GC for use in fire debris analysis is mass
spectrometry (MS). In brief, a MS is a method that ionizes a sample and sorts the ions
based on their mass-to-charge ratio (m/z). Compounds will fragment in a predictable
pattern allowing characterization and ultimately identification of the sample. There are
many different MS instrumentation set-ups, but the one that will be used in this work is a
quadrupole mass spectrometer which consists of an ion source, mass analyzer, and ion
detector. The ion source used during this research was an electron ionization (EI) source.
An EI source is composed of a tungsten filament that generates an electron beam that has
a voltage of 70 electron volts (eV). The 70 eV is used because it can combat the signal to
noise of the instrument and it is a standard eV used for reference libraries. The separated
sample from the GC column enters the vacuum chamber of the MS at the EI source. The
electron beam hits the sample, causing it to fragment by releasing one electron, thus
creating a positive ion. This initial fragmentation only uses 10 eV therefore, further
fragmentation is used by the rest of the 60 eV. The positive ion and fragments move into
the mass analyzer, which is the quadrupole mass filter. This quadrupole mass filter is
made up of four parallel metal rods arranged into a diamond shape creating a hole in the
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center. There is an applied voltage between the two opposite rods. The ionized samples
will be sent through the center of the diamond arrangement. The applied voltage affects
how the ions will move through the quadrupole mass filter. This applied voltage is
changing so there is only a short period of time that a specific m/z is detected. The
specific voltage applied will only allow certain m/z ions to pass through the quadrupole
filter to the detector, while the others will be thrown into the metal rods. After the
specific m/z ion pass through the quadrupole filter it then moves onto the detector. The
detector used within this research was an electron multiplier. The electron multiplier uses
a series of conversion dynodes that will eject a second electron when struck by the
specific m/z ion. This amplifies the signal but not the noise of the instrument. An image
of quadrupole MS is shown in Figure 4.

Figure 4: Schematic of quadrupole MS15
The mass spectrum is obtained by electron multiplier detector from the
amplification of the ions that pass through the filter during the varying voltages. An
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example of mass spectrum is shown in Figure 5. The x-axis is measured in mass-tocharge ratio. The y-axis is measured in the percent abundance, the number of ions of the
specific fragment relative to the number of ions in the base peak.

Figure 5: Example mass spectrum of an undecane isomer
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The forensic examiner will use MS to identify the compound present within an
ignitable liquid. This is because MS can provide “additional structural information
regarding the chemical composition of the detectable compounds” within ignitable liquid
residue samples.2 The forensic scientist will use the m/z found in the sample and compare
it back to known compound data. When identifying a compound using its mass spectrum,
the highest m/z is the molecular ion of the compound found within the mass spectrum
associated with a peak in the GC chromatogram. The highest m/z ion found within
Figure 5 is 156 which is the molecular weight of undecane (C11H24). The fragments of
this overall m/z compound give structural information. The main fragments used for
structural confirmation in Figure 5 are 127, 113, 99, 85, 71, 57, 43, and 29. The
difference between the fragments is the part of the structure that was fragmented. The
difference between 156 and 127 corresponds to a change in molecular weight of 29,
which indicates a loss of C2H5. The 29 is the mass of the compound loss therefore for the
two carbons you take the molecular weight of carbon, 12, and times it by the number of
carbons, 2, giving you the mass of 24. The molecular weight of hydrogen is 1 and the
number of hydrogens is 5 therefore the mass is 5. Then the total carbon mass is added
together with the total hydrogen mass to give you the overall mass of 29. Therefore, the
difference between 127 and 113 is 14, which is the loss of CH 2. The total carbon mass is
12 and the total hydrogen is 2 therefore added together gives 14. This fragmentation
allows for the identity of possible structures within the unknown compound. The overall
trend of alkane fragmentation is consecutive lengths of CH2 chains. Examples of ion
fragmentation of these compounds are but not limited to alkane (m/z of 57, 71, 85, 97),
cycloalkane and alkene (m/z of 55, and 69), and aromatic (m/z of 91, 105, 119). 5 Some
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advantages to using a quadrupole MS include good reproducibility, low-cost systems, and
easy compatibility to GC or liquid chromatography.
Most forensic laboratories will use either the GC-FID or GC-MS, complying with
the associated ASTM standard. In addition, standard operating procedures for the
laboratories specific instrumentation and procedures for the analysis of fire debris will
also be followed. However, the sample within the collection container can affect the
isolation and identification of ignitable liquids. For fire debris analysis, the sample
surface type is important for the investigator to consider during the collection process.
Surface Types
There are different types of surfaces that samples can be obtained from during a
fire scene investigation: porous, semi-porous and non-porous. Whether a surface is
porous, semi-porous or non-porous is determined by its porosity: the fraction of void
space in the surface. It may also be defined by the ratioVV/VT where VV is the volume of
void space and VT is the total volume. Porosity is a fraction between 0 and 1, with porous
surfaces having a value closer to 1. For instance, granite which has a porosity value of
0.01 is created under pressure and as a result has very limited pore space whereas clay,
that has a porosity value of 0.5 has fine particles creating more surface area, hence more
porosity. Porosity of a substrates surface should be considered since porous surfaces soak
up the ignitable liquid very easily. These types of surfaces are typically upholstered
furniture, carpeting, curtains, and table cloths, etc. Semi-porous surfaces will allow
liquids to absorb, but not as easily. Wood and concrete are good examples of a semiporous surface. Non-porous surfaces do not allow the liquid to penetrate the surface.
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Most porcelain tile tops are an example of non-porous surfaces, while the backside of
tiles are typically clay portions which are semi-porous surfaces.
In addition to the surface itself, the fire debris evidence sample may also be hard
to extract from the scene. For porous substrates, retrieval of the sample is usually simple
due to the material being easily cut and placed into the container. Non-porous samples
will have little to none of the ignitable liquids left after a fire due to not being an
absorbent material, but could be easily broken apart and placed into the container. Semiporous absorbent materials, such as heavy timber and concrete, are typically hard to
remove and package in a container usually used for collection. In these situations, the
investigator must use jack hammers, saws and other tools to break apart the surface to be
able to put it into the proper evidence container. When investigators have to gather
concrete it must be broken up or drill core samples which requires long and strenuous
man hours.16 This can cause a problem for an investigation due to long hours and heavy
man power needed to retrieve possible evidence.
Solid Absorbent Materials Research
For hard to recover semi-porous substrates, the possibility of a solid absorbent
material may make retrieval of the ignitable liquid sample much easier, because it would
save time, money, and man-power. ASTM F726-99 describes an absorbent as “a material
that picks up and retains a liquid distributed throughout its molecular structure causing
the solid to swell (50% or more).17 The absorbent is at least 70% insoluble in excess
fluid.”17 There are different properties chemical and physical that go into a good
absorbent. From surface area, pore size within the sorbent, shape, and strength of the
sorbent lead to being good absorbers or not.18 If the pore size is small with a very thick
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liquid, the absorbent will not soak up as much oil as possible. If the absorbent has smaller
pores than the surface its on, then more sorbent would be needed to be used. The pore
size is important because it affects the rate the fluid flows through or into the sorbent. 18
These properties allow for the absorption of a product to work efficiently or not as a
collection material in fire scenes.
Research has been conducted on several products to determine their possible use
as a collection material. A study has been done with calcium carbonate and all-purpose
flour using gasoline and diesel.16 These compounds have been shown to work well in the
collection and detection of gasoline and diesel. However, the downfall of these
absorbents is that they might not be easily accessible to the investigator that is in a remote
rural area, additional cost to obtain, and as documented, having to wait nearly 30 minutes
for best results. The highest concern is that water inhibits the absorbency of these
samples. A fire scene is drenched in water during the extinguishment of the fire,
therefore, a water friendly absorbent is desired.
Another study compared a product called Ignitable Liquid Absorbent (from
Ancarro Company, Indianola, IA) with baking soda, flour, clay (in the form of cat litter),
agricultural lime, and calcium sulfate.19 The cat litter, calcium sulfate, baking soda, and
flour did not match the recovery ability of the direct sampling method for accurately
recovering the target mixture, which was gasoline and diesel. 19 The Ignitable Liquid
Absorbent absorbed less of the gasoline or diesel than the other powders. The flour is
least compatible with water and cat litter has a more concentrated representative sample
than the others. Lime was not really discussed besides stating the lime “concentrated the
test mixture by both adsorption and absorption mechanisms.”19 From this research it
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concludes that none of these absorbents are the best compared to the traditional method
used, however cat litter could be a good substitute due to it availability, inexpensiveness
and being an effective absorptive material. One downside to using the cat litter it was
noted, that it cannot be placed onto wet concrete. It must also be completely dried prior to
use (heated to 250°F overnight and placed into the cans for future use) therefore not
practical for field use.
A chemist named John H. Woodland created an Ignitable Liquid Absorbent
(ILA). This consisted “of a powder that is designed to be spread onto a substrate and that
has the capability of both absorbing and indicating” the presence of ignitable liquids. 2
ILA is two powders that are mixed on scene before use to make a homogenous mixture.
These two powders are an indicator powder and an absorbent powder. The composition is
a “nonhydrocarbon-based mineral material” for the absorbent powder and “hydrophobic
solvent indicator dye, usually a metal complex” for the indicator powder. 2 While having a
promising mixture, ILA has several limitations. This product has the ability to produce
false positives when indicating the presence of ignitable liquids. 2 The original mix could
not be placed onto hot surfaces because it can melt at 69°C. 2 This changes the way the
forensic examiner can proceed with collection at a scene because this materials melting
point is so low. Woodland did revise the original mixture to help combat the melting
issue.2 Douglas E. Byron comments that the ILA did not contaminate or corrupt the
sample in the chromatograms but did contain a few peaks that were distinguishable. 20 On
the contrary, Thomas comments that the ILA does interfere with the chromatogram
producing “several branched alkanes and n-heptadecane.”2 He also mentions that the
recovery of ignitable liquids using headspace is prevented using ILA. 2 In a research study
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Mark Nowlan shows the biggest downfall of ILA is the fact that it failed to absorb
gasoline from the wood and carpeted panels, even though there was still gasoline there
before and after the ILA was applied.21 Nowlan mentions another research paper by
Mann and Putaansuu which shows poor absorbance of gasoline from concrete absence of
external heating.21 The study did show that the ILA could absorb odorless paint thinner
from five out of six wood and carpet panels, along with absorbing camp fuel from four
out of six wood and carpet panels, however, the recovery was very low compared to what
was left.21 Since gasoline is a very accessible ignitable liquid, it is critical that any
absorbent used at a scene be able to collect this ignitable liquid. In addition, this product
can no longer be found on the market.
For use at a fire crime scene, a solid absorbent needs to be able to collect the
ignitable liquids from semi-porous surfaces without the heavy, long man hours and
power. To be able to solve this issue, this research considers a class of solid absorbent
materials already on the market: oil dries.
Oil Dry
An oil dry is an absorbent material used to clean up hazardous material spills.
There are three different types of absorbent materials according to ASTM F726-99: type
1 (rolls, film, sheet, pad, blanket, web), type 2 (loose), and type 3 (enclosed pillows). 17
Oil dries fall into the type 2 category because the oil dries do not have a “sufficient form
and strength to be handled without scoops and similar equipment.” 17 A good example of
oil dry usage is when a semi-tractor trailer crash happens and all the fuel from the truck is
on the roadway. Oil dry uses their hydrophobic surfaces to remove the oil. 18 This is done
by the oil dry being placed on top of the roadway to soak up the hazardous liquid so the
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road can be safely used again. This absorbent allows for the collection of oil to be
separated from water by absorption.22 Oil dries are usually granular and are composed of
a variety of compounds. There are three major classes of compounds that these oilsorbent materials can be composed of: inorganic mineral products (“zeolites, silica,
perlite, graphite, vermiculites, sorbent clay, and diatomite”), synthetic organic products
(“polymeric materials such as polypropylene and polyurethane foams”), and organic
vegetable products (“straw, corn cob, wood fiber, cotton fiber, cellulosic kapok fiber,
kenaf, milkweed floss, and peat moss”).22 Oil dries which are synthetic organic products
are most commonly used for commercial sorbents for oil spill cleanup because of the
oleophilic and hydrophobic characteristics but are not naturally occurring or very
biodegradable.22 The focus of this research is to determine if a product already being used
by emergency response personnel, oil dries, might be applicable to fire scene collections.
Therefore, the material would be readily accessible and already being paid for by the
community or state.
Previous Research on Oil Dries
Previous research done on oil dries was from a Eastern Kentucky University
Honors Thesis Oil Dries Used in Arson Scenes: New Absorbent Material which reported
the initial findings of six different oil dries.23 The six oil dries included Instazorb,
Diversified Absorbent, Super Sorbent, COA Chem Oil-Away, Safe T Oil Absorbent, and
MAXXAbsorb Universal Organic Absorbent and determined if there was any
interference with gas chromatography with flame ionization detection. These six oil dries
ranged in different chemical makeup, so it was necessary to determine whether or not
they might interfere with the isolation by passive headspace and possible identification by
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GC-FID. The previous research concluded that only two oil dries Instazorb and
MAXXAbsorb Universal Organic absorbents did not interfere with interpretation of data
obtained from GC-FID. Instazorb is an amorphous aluminum silicate (white odorless
powder), inorganic mineral product, and did not interfere with data interpretation.
According to InstaZorb International Inc., Instazorb has twenty “times the absorbency as
most clay-based absorbents,” is non-biodegradable, and has no crystal silica. 24
MAXXAbsorb Universal Organic Absorbent, an organic vegetable product composed of
water and coir pith fiber from a coconut husk, did not interfere with data interpretation.
According to Tramec Solan, MAXXAbsorb is four times more absorbent than clay on
contact and can soak up oil from standing water.25 This research looks specifically at
these two oil dries to help validate their use at arson scenes.
Proposed Research
The main hypothesis of this research was to explore a solid absorbent material
already used within the public safety world, that could be used within a fire scene. This
research will determine if Instazorb and MAXXAbsorb oil dries can be used to recover
ignitable liquids from semi-porous surfaces: backside of tile and concrete. The oil dries
will need to have greater absorptivity than the substrate, in other words, to be able to pull
the ignitable liquid from the substrate into the oil dry. This research utilizes isolation of
ignitable liquid from the oil dry by passive headspace with an activated charcoal strip and
identification by GC with both FID and MS detection.
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Chapter II Methods
Experimental Method Overview
Ignitable liquid samples are isolated from the oil dry by passive headspace using a
DFLEXTM activated charcoal strip. When using this isolation technique, a charcoal strip
is attached with a gloved hand to a paperclip or safety pin which is then suspended by a
string or fishing line over the solid absorbent within the jar, this can be seen in Figure 6.

Figure 6: Schematic for passive headspace with activated charcoal strip
It is important to use gloves when handling the activated charcoal strip because
the strip could become contaminated. In other words, it could pick up oils or other
substances from hands that might interfere with analytical results. Also, note that the
materials holding the activated charcoal strip must not produce any interference with
results. Since paperclips or safety pins are metal and usually not coated, one would not
expect decomposition or vaporization of interfering compounds at the oven temperatures
used. Likewise, if there is coating on the string or if the line is made of a low melting
point polymer that can decompose or vaporize during the heating process, control runs
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should be performed to ensure that the activated charcoal strip will pick up the substances
that may interfere or contaminate the chromatogram. Since jars are being used, aluminum
foil is placed over the top of the jar to prevent the rubber ring from being exposed to the
activated charcoal strip. Since rubber is composed of hydrocarbons, if exposed to the
charcoal strip, the charcoal strip will absorb the hydrocarbons and during the instrumental
analysis produce interfering peaks on the chromatogram. Then the jar lid is secured. The
jar is then placed into a 60°C oven for 16 hours. This allows the sample to heat for an
extended time, allowing any ignitable liquids to be vaporized and trapped on the charcoal
strip.
After the ignitable liquid sample is isolated onto the activated charcoal strip, it is
extracted from the strip with 0.5 mL of carbon disulfide. Carbon disulfide was chosen
over other organic solvents because it does not break down during the instrumental
analysis and it holds onto hydrocarbons very well during the extraction process from the
activated charcoal strip. The extraction was left for a minimum of a half hour to a day.
Then the extracted samples are then analyzed by GC-FID or GC-MS.
Detailed Experimental Method
Isolation A
Initial isolation of the oil dry samples (Instazorb and MAXXAbsorb) was
performed. Approximately 15 grams of an oil dry sample was placed in a clean glass
mason jar. A DFLEXTM activated charcoal strip was placed in between a paper clip and
attached to a non-coated cotton string. This was hung over the oil dry. Foil was placed
over the jar and the lid is sealed. The jar was then placed in a 60°C oven for 16 hours.
After allowing the jar to cool, the charcoal strip was removed and placed into a small
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glass vial. Half a milliliter of carbon disulfide was added to the vial and sealed tightly.
This desorbed for 30 minutes. After desorbing, 1 μL of the liquid of carbon disulfide
solution was injected into the GC-FID/GC-MS for analysis.
Both Instazorb and MAXXAbsorb were donated from LaPorte County HAZMAT Team in Indiana.
Isolation B
Samples were run in a similar manner as Isolation A, with the addition of an
ignitable liquid directly to the oil dry. Half a milliliter of a petroleum product (either
Coleman fuel, gasoline, kerosene, or diesel) was added to the oil dry sample. Four
petroleum products were chosen to cover the full range of ignitable liquids, Coleman
fuel, gasoline, and kerosene and diesel. Coleman fuel is an example of a LPD. While
gasoline is a separate classification under ASTM standards, for this experiment it will be
considered as an example of a MPD since gasoline contains some light carbons, but
mainly falls within the medium carbon range. Kerosene and diesel are examples of
HPDs.
Coleman fuel and kerosene were purchased from Wal-Mart. The gasoline and
diesel were bought from Speedway gas station.
Isolation C
Next, isolation of ignitable liquids was performed when the ignitable liquids had
been added to the backside of a porcelain tile. Half a milliliter of an ignitable liquid
(either Coleman fuel, gasoline, kerosene, or diesel) was placed in a small area of the
backside of the porcelain tile and allowed to weather for 15 minutes. After the 15
minutes, about 15 grams of oil dry was added to the backside of the tile and allowed to
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set for 15 minutes. Then, the oil dry was collected into a mason jar and additional steps
from Isolation A were followed.
The porcelain tile was donated from Lowe’s.
Isolation D
Finally, isolation of ignitable liquids was performed when the ignitable liquids
were added to a concrete substrate. One foot by one foot by four inches of concrete
sections had been made by mixing, pouring and allowing the sample to dry, ensuring a
clean substrate. Half a milliliter of an ignitable liquid (either Coleman fuel, gasoline,
kerosene, or diesel) was placed on a small portion of the concrete block and allowed to
weather for 15 minutes. After the 15 minutes, about 15 grams of oil dry was added to the
concrete and allowed to set for 15 minutes. Then, the oil dry was scraped into a mason jar
and additional steps from Isolation A were followed.
Analysis
GC-FID analysis will be used for preliminary identification for this experiment.
The GC-FID instrument used was a Hewlett Packard HP 6890 Series GC-FID instrument.
The column was HP-5 5% Phenyl Methyl Siloxane with measurements of 30.0 m x 250
μm x 0.50 μm. One (1) μL of the prepared sample was injected. The parameters for the
GC-FID can be found in Table 1 and Table 2.
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Table 1: Gas Chromatography Parameters
Gas Chromatography Parameters
Injector Temperature
250°C
Injector Mode
Splitless
Carrier Gas
He
Pressure
24.16 psi
Flow
134 mL/min
Column Flow
Constant 2.5 mL/min
Run Time
9.00 min
Average Velocity
49 cm/sec
Oven Initial Temperature
50°C
Ramp
25.0°C/min
Oven Max Temperature
225°C
Hold at Max Temperature
2.00 min
Table 2: Flame Ionization Detector Parameters
Flame Ionization Detector Parameters
Heater
280°C
40 mL/min
𝐻 Flow
Air Flow
450 mL/min
Makeup Flow
He
Flame
On
Electrometer
On
Cut Offset
2.0
GC-MS analysis will be used for confirmatory identification for this experiment.
The GC-MS instrument used was a PerkinElmer Clarus 500 Gas Chromatograph and
PerkinElmer Clarus 560S Mass Spectrometer instrument. The column was Elite-5MS
with the measurements of 30 m x 250 μm x 0.25 μm. One (1) μL of the prepared sample
was injected. The parameters for the GC-MS are in Table 3 and Table 4.
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Table 3: Gas Chromatography Parameters
Gas Chromatography Parameters
Injector Temperature
200°C
Oven Initial Temperature
50°C
Hold at Initial Temperature
2.50 min
Ramp
15.0°C/min
Oven Max Temperature
250°C
Hold at Max Temperature
3.00 min
Run Time
18.83 min
Delay Time
0 min
Carrier Gas
He
Flow Ratio
20/1
Table 4: Mass Spectrometer Parameters
Mass Spectrometer Parameters
Solvent Delay Time
0.00 min-3.50 min
MS Scan Time
3.50 min-22.00 min
Vacuum Pressure
1.9x 10 torr
Filament Current (Ion Source Parameter)
0.04 A
Multiplier Voltage (MS Parameter)
621 V
Quality Control
Several factors come into play when an examination procedure is being
researched, as in this case with the proposed oil dry research. This involves consideration
of several possible contamination or interference concerns. Contamination is the presence
of an unwanted substance or material in assayed material. To minimize the
contamination, actions begin with personal protection equipment (PPE). An interference
is something other than the assayed material, that can prevent the assayed material from
being tested or identified. In this case, interferences would cause problems when
interpreting data results. Before the testing could begin, it was necessary to make sure
that these were addressed so there was no unforeseen interference.
The possibility of avoiding contamination was addressed using PPE; gloves,
goggles, etc. Syringes were also rinsed while performing all steps of analysis. Syringes
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used for applying ignitable liquid to oil dries or the injection of samples into the GC-FID
or GC-MS where rinsed more than two times prior to injections with carbon disulfide.
The activated charcoal strip was only touched by gloved hands, preventing the addition of
chemicals onto the charcoal strips. Syringes used for injection of samples into the GCFID or GC-MS where rinsed more than two times prior to injections with carbon
disulfide, then at least two times with the sample. Clean jars, lids, tiles and glassware
were used during the measuring and storing of the oil dries for analysis.
After minimizing the contamination from one’s self or tools, the next
contamination can come from the instrument itself. If the instruments column has carry
over samples from previous runs, this could elute off during the sample being run and
create contamination. This was addressed by running blanks between samples. This
assured that there was no sample carryover, causing problems with the interpretation of
data.
With the concern of the instruments, there was a concern with the oil dry itself. If
an oil dry exhibits peaks which would interfere with petroleum distillate interpretation it
could not be used. For instance, if the oil dry sample separates and creates peaks in the
same location as an ignitable liquid, interpretation will be difficult. The peak or peaks
cause by any petroleum product present may be hidden in the chromatogram by the peak
or peaks created by the oil dry. According to the previous research these two oil dries will
not interfere with the instrumental analysis, and is why they were chosen for this
research. Negative controls of oil dries and sample surfaces were run to make sure there
was no interference with instrumentation.
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After confirming that the instrument was only producing background noise and
the oil dries did not interfere with analysis, the next concern was to make sure the
instrument was working properly. To ensure this known positive controls of neat
ignitable liquids (Coleman fuel, gasoline, kerosene and diesel) were injected prior to
sample runs. This was to make sure the instrument was producing the correct peak
patterns and mass spectral data for the given ignitable liquid.
The final concern that was considered was the method reproducibility. If the
isolation and extraction of the oil dry would not give the same peak patterns for
identification, then it would not be a reliable tool for investigators to use. To address a
portion of this concern, each isolation had two different setup trials done to show the
reproducibility of the isolation and extraction ability of the oil dry.
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Chapter III Results
Blank and Negative Controls
A run of blank carbon disulfide is shown in Figure 7 from the GC-FID. The blank
run shows a single peak from the carbon disulfide reaching the detector. No other peaks
are detected so there will be no interference from the solvent or the instrument.

Figure 7: Carbon disulfide negative solvent blank GC-FID chromatogram
This is important to know because the sample is extracted in carbon disulfide. It is
also important to know that the peak is at the beginning of a run, therefore will not
interfere with most peaks obtained from an ignitable liquid, but could interfere with
extremely volatile fragments of a light or medium petroleum distillate. A solvent peak
can also show any shifts in the retention time based on this peak. Figure 8 shows the GCMS chromatogram for the carbon disulfide blank.
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Figure 8: Carbon disulfide negative solvent blank GC-MS chromatogram
There are many differences between Flame Ionization and Mass Spectrometry
detectors. One that affects the chromatogram obtained from a GC-MS is the solvent
delay. A solvent delay allows for all the solvent to move through the instrument without
damaging the filament in the detector since the detector is turned off for the time allotted
for a solvent delay. This is different from GC-FID because there is a flame to ionize the
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sample instead of a filament. The flame will not be affected by the amount of solvent
used, therefore there is no solvent delay. In Figure 8, a solvent delay of 3.50 minutes was
used, and thus the reason the x-axis does not begin at zero. Once the detector turns on, a
portion of the solvent is still exiting the column, which is why there is a peak increase at
the very beginning of the chromatogram. To confirm that this peak increase is from the
carbon disulfide and to see if the solvent continuously elutes through the chromatogram
mass spectra was used. Figure 9 shows the mass spectrum for a carbon disulfide blank.
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Figure 9: Carbon disulfide blank mass spectrum
The molecular weight of carbon disulfide is 76 g/mol. The fragments of carbon
disulfide are important to note are 44 and 32. The difference between 76 and 44 is a loss
of 32, which accounts for the loss of a sulfur leaving CS +. The difference between 44 and
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32 is a loss of 12, which accounts for the loss of a carbon leaving S +. It is important to
note these ions within a peak because they could be misinterpreted for a benzene ring
fragmentation that could possibly be seen within a sample.
After a carbon disulfide blank was run, Isolation A trials were begun. This would
test if the oil dry would produce any interference with the designed instrumental analysis.
These chromatograms are referred to as negative control runs since the sample being
tested is the oil dry product without any ignitable liquid added. It has been shown that
both the Instazorb and MAXXAbsorb oil dries produced no interfering peaks, therefore
these samples can be used for the research project.23 The negative controls of these two
oil dries were confirmed on both the GC-FID and GC-MS to show there was no
interference. The GC-FID chromatogram of the results of Instazorb testing is shown in
Figure 10 and the GC-MS chromatogram of the results of Instazorb testing is shown in
Figure 11.

Figure 10: Instazorb negative control GC-FID chromatogram
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Figure 11: Instazorb negative control GC-MS chromatogram
The GC-FID chromatogram of the results of MAXXAbsorb testing is shown in
Figure 12 and the GC-MS chromatogram of the results of MAXXAbsorb testing is
shown in Figure 13.
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Figure 12: MAXXAbsorb negative control GC-FID chromatogram
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Figure 13: MAXXAbsorb negative control GC-MS chromatogram
The GC-FID chromatograms for both oil dries only show the carbon disulfide
peak and no interference from the oil dries. The only compound found was the carbon
disulfide from the solvent used during the extraction process. This shows that both oil
dries did not interfere with GC-FID or GC-MS data interpretation and the research
continued onto Isolation B.
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Spiked Trials
Coleman Fuel
In Isolation B, known ignitable liquid standards were added to the oil dry samples
and then tested. Coleman fuel, gasoline, kerosene, and diesel were used. This would
determine if ignitable liquids could be recovered from the oil dry. The GC-FID results for
a Coleman fuel standard is shown in Figure 14.

Figure 14: Neat Coleman fuel positive control GC-FID chromatogram
In this run, only the neat Coleman fuel was injected into the GC-FID. A neat
sample contains no additional solvent to dilute it. ASTM E1618 classifies Coleman fuel
as LPD. Therefore, the various compounds of Coleman fuel will elute from the column
early in a run. Some of the peaks fall within the range of the carbon disulfide peak from
Figure 7 (blank carbon disulfide sample). This is important to note because the carbon
disulfide could elute at the same retention time, causing an intensity change. The neat
sample gives a library reference for the research samples to be compared back to. Figure
15 shows the GC-MS chromatogram for a neat Coleman fuel standard.
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Figure 15: Neat Coleman fuel standard GC-MS chromatogram
The GC-MS chromatogram shows the peaks at the beginning of the
chromatogram, the retention times and peak patterns are looked at for preliminary
identification as a LPD. With the peak pattern obtained possibly being a LPD, the solvent
delay and, in later experiments, the retention time of the carbon disulfide becomes an
issue. Due to LPD components having low boiling points, some peaks might not be
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shown within the chromatogram for the lower boiling points because of the solvent delay.
Even though there was no solvent present, the instrument was still run with the solvent
delay, because the samples that will be compared to the neat sample will have the solvent
delay. Therefore, the neat standard must be run under the same parameters for proper
comparison. To identify the compounds within the chromatogram each peak is made up
of multiple single mass spectra. The mass spectrum obtained from highest retention time
peak is shown in Figure 16.
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Figure 16: Neat Coleman fuel mass spectrum for the peak at retention time 9.776 min
The mass spectrum results can be used to identify the compound within this peak.
Using the highest m/z ion from the mass spectrum will give the mass of the compound.
For Figure 16, the highest m/z shown is 142. This means the mass of the overall
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hydrocarbon for this peak, would be a methylnaphthalene isomer. This is shown by the
fragmentation of the compound. The difference between the highest m/z ion 142 and 115
is 27. This is a fragmentation resulting from the loss of CH 3-C, leaving C9H7+. The
difference between 115 and 89 is 26, which is fragmentation resulting from the loss of
C2H2, leaving C7H5+. The mass spectra results of the peaks found within the Coleman fuel
standard can be summarized in Table 5. The mass spectra data for the other peak
retention times for the neat Coleman fuel standard can be found in Appendix B.
Table 5: Neat Coleman Fuel Standard Mass Spectra Results
Peak Retention
Ions Found
Time
3.929
112, 97, 85, 70, 55, 43, 29
4.474
4.759
5.449
5.769
6.575
6.810
6.990
7.675
7.925

126, 111, 97, 83, 69, 55, 41, 27
126, 111, 97, 83, 69, 55, 41, 27
128, 99, 85, 71, 57, 43
126, 111, 97, 83, 69, 55, 41, 27
142, 113, 99, 85, 71, 57, 43, 29
156, 113, 85, 71, 57, 43, 29
140, 111, 97, 85, 71, 57, 41, 29
156, 127, 113, 99, 85, 71, 57, 43, 29
134, 119, 105, 91, 77, 51, 39

8.675
9.776

128, 102, 64, 51, 28
142, 115, 89

Compound
Identification
C8 branched
hydrocarbon
Nonene isomer
Nonene isomer
Nonane
Nonene isomer
Decane
Undecane
Decene isomer
Undecane
Benzene ring with
4 hydrocarbon
chain
Naphthalene
Methylnaphthalene
isomer

The compounds found within this standard will help in identifying unknown
compounds during the research. From these results, the carbon range identification over
the chromatogram is a C8-C11. This is within the range of the LPD according to ASTM
E1618 in section 10.1.3.1, stating that there are no major compounds associated with the
ignitable liquid above a C11.5 According to the National Center for Forensic Science
Ignitable Liquids Database, Coleman fuel is characterized by the identification of these
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major compounds: cyclohexane, methylhexane, methylcyclohexane, heptane, and
nonane.26 However, there was no identification of cyclohexane, methylhexane,
methylcyclohexane, and heptane within the mass spectra results from the neat Coleman
fuel standard. Since these compounds have such low boiling points, they could be eluting
from the column when the detector was shut off during the solvent delay. GC-MS results
of the neat Coleman fuel sample will be used to characterize the following research
samples of Coleman fuel.
The oil dries were spiked with the Coleman fuel standard. Figure 17 shows the
results obtained from Instazorb testing on GC-FID and Figure 18 shows the results
obtained from Instazorb testing on GC-MS.

Figure 17: Instazorb spiked with Coleman fuel GC-FID chromatogram
To see if these peaks are from the ignitable liquid or from the instrument this
chromatogram was compared to the solvent blank run before this sample. The peaks can
be associated with the spiked ignitable liquid and not from the instrument or carbon
disulfide besides the very first peak. There are slight differences between the neat
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standard of Coleman fuel and the spiked sample. The first is the intensity which is lower
in the recovered sample than in the neat ignitable liquid. This lessened recovery is
expected since the spiked sample must be isolated and then extracted. There is a dilution
of the sample during the extraction process with the carbon disulfide. This will decrease
the intensity of the peaks as compared to a neat sample. Due to the neat sample not being
diluted, it shows all the compounds of the light ignitable liquid able to be separated and
identified using this analytical procedure. The intensity difference and slight peak shift
can also be caused by the weathering of the Coleman fuel. Weathering is “ a result of
evaporation or partial burning, which results in the loss of low-boiling compounds.” 27
Since Coleman fuel is a LPD, some of its compounds will have low boiling points,
therefore early peaks may decrease in intensity when compared to the neat sample. These
reasons can explain the pattern shifting and intensity differences seen from the neat
standard to the oil dry sample spiked with Coleman fuel. The preliminary identification is
a LPD by GC-FID using Instazorb. Second spiked trial runs can be found in Appendix A,
Figure 125. Note that the intensities are again different between the two trials, but the
patterns are similar. Therefore, giving the same conclusion for both trials being a
preliminary identification of a LPD, and is reproducible. To be able to fully identify the
compounds within the samples, GC-MS is needed to identify the chemical structures.
Figure 18 and Figure 19 shows the results from Instazorb spiked with Coleman fuel
testing on GC-MS.
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Figure 18: Instazorb spiked with Coleman fuel GC-MS chromatogram
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An example of the mass spectrum from the highest peak retention time of 9.786
min is shown in Figure 19.

Figure 19: Instazorb spiked with Coleman fuel mass spectrum for the peak at retention
time 9.786 min
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The mass spectrum results can be used to identify the compound within this peak.
For Figure 19, the highest m/z ion shown is 142 which is the molecular weight for a
methylnaphthalene isomer. The fragmentation breakdown is the same as for Figure 16.
The remaining mass spectra data for Instazorb spiked with Coleman can be found in
Appendix B and summarized in Table 6.
Table 6: Instazorb Spiked with Coleman Fuel Mass Spectra Results
Peak Retention
Ions Found
Compound
Time
Identification
3.733
114, 85, 71, 57, 43, 29
Octane
4.549
126, 111, 97, 83, 69, 55, 41, 27
Nonene isomer
4.789
106, 91, 77, 51, 39
Benzene with a 2
hydrocarbon chain
5.234
128, 99, 85, 71, 57, 43, 29
Nonane
6.525
142, 113, 99, 85, 71, 57, 43, 29
Decane
6.770
156, 125, 114, 126, 98, 84,
Methyldecane
isomer
7.210
134, 119, 105, 91, 77, 51, 39
Benzene ring with
4 hydrocarbon
chain
7.670
156, 127, 113, 85, 71, 57, 43, 29
Undecane
7.930
134, 119, 105, 91, 77, 51, 39
Benzene ring with
4 hydrocarbon
chain
8.255
148, 133, 119, 105, 91, 77, 51, 39
Benzene ring with
5 hydrocarbon
chain
8.680
128, 102, 64, 51, 38, 28
Naphthalene
9.786
142, 115, 89, 69,
Methylnaphthalene
isomer
From these results the identification of compounds over the chromatogram is a
C8-C11. This is within the range of a LPD. The compounds present within both the neat
standard and the Instazorb sample include an nonene isomer, nonane, decane, undecane,
benzene ring with a 4 hydrocarbon chain, naphthalene, and a methylnaphthalene isomer.
Therefore, Instazorb can elute a LPD with characteristics consistent with Coleman fuel.
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Figure 20 shows the results obtained from MAXXAbsorb spike with Coleman
fuel testing on GC-FID and Figure 21 shows the results obtained from MAXXAbsorb
spiked with Coleman fuel testing on GC-MS.

Figure 20: MAXXAbsorb spiked with Coleman fuel GC-FID chromatogram
There was a similar decrease in peak intensity and shift in retention that was
associated with the dilution and weathering, respectively, observed when using
MAXXAbsorb. The preliminary identification of Figure 20 is a LPD by GC-FID using
MAXXAbsorb oil dries. Second spiked Coleman fuel trial run can be found in Appendix
A, Figure 126. Note that the intensities are again different but the similar patterns of the
samples provide the same conclusion that preliminary identification is a LPD. To be able
to fully identify the compounds within the samples, GC-MS is needed to identify the
chemical structures. Figure 21 and Figure 22 shows the results of MAXXAbsorb spiked
with Coleman fuel testing on GC-MS.
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The results of the GC-MS chromatogram for MAXXAbsorb spiked with Coleman
fuel is shown in Figure 21.

Figure 21: MAXXAbsorb spiked with Coleman Fuel GC-MS chromatogram
This chromatogram shows peak patterns and retention times within the LPD
range. Identification of the peaks can be made from the mass spectra data. Figure 22
shows the mass spectrum for peak retention time 8.710 minutes.
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Figure 22: MAXXAbsorb spiked with Coleman fuel mass spectrum for the peak at
retention time 8.710 min
The highest m/z ion is 148 which is the molecular weight of a benzene ring with a
5 hydrocarbon chain. The fragmentation shown the difference between 148 and 133 is a
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loss of 15 which is a CH3, leaving C10H13+. The differences between 133 and 119, 119
and 105, 105 and 91, 91 and 77 is a loss of 14 which is a CH 2. This completes the
hydrocarbon chain. A benzene ring with one hydrogen missing has a molecular weight of
77 g/mol. Therefore, the rest of the fragmentation comes from the benzene ring. The
difference between 77 and 51 is a loss of 26 which is C 2H2. The difference between 51
and 39 is a loss of 12 which is a carbon. The remaining mass spectra can be found in
Appendix B and summarized in Table 7.
Table 7: MAXXAbsorb Spiked with Coleman Fuel Mass Spectra Results
Peak Retention
Ions Found
Compound
Time
Identification
3.743
114, 85, 71, 57, 43, 29
Octane
4.254
126, 111, 97, 83, 69, 55, 41, 27
Nonene isomer
4.569
126, 111, 97, 83, 69, 55, 41, 27
Nonene isomer
4.804
106, 91, 77, 51, 39
Benzene ring with 2
hydrocarbon chain
5.284
128, 99, 85, 71, 57, 43, 29
Nonane
5.654
142, 113, 97, 83, 71, 57, 43, 29
Decane
6.555
142, 113, 99, 85, 71, 57, 43, 29
Decane
7.225
134, 119, 105, 91, 77, 51, 39
Benzene ring with 4
hydrocarbon chain
7.685
156, 127, 113, 99, 85, 71, 57, 43, 29
Undecane
7.935
134, 119, 105, 91, 77, 51, 39
Benzene ring with 4
hydrocarbon chain
8.710
148, 133, 119, 105, 91, 77, 51, 39
Benzene ring with 5
hydrocarbon chain
As seen above with the Instazorb sample, there were no peaks above C 11 and this
is consistent with the MAXXAbsorb sample. Therefore, the MAXXAbsorb sample falls
within the LPD range. Comparing the MAXXAbsorb sample back to the neat Coleman
fuel standard shows similar compounds identified which include: nonene isomer, nonane,
decane, undecane, and benzene ring with a 4 hydrocarbon chain. Using both the GC-FID
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preliminary results and the GC-MS results, confirm MAXXAbsorb can elute a LPD but
cannot identify Coleman fuel.
Gasoline
Result of a neat gasoline standard for GC-FID is shown in Figure 23.

Figure 23: Neat gasoline positive control run on GC-FID
Note that with it being a pure sample no dilution has taken place; therefore, the
intensity is very high. As a result, peak resolution was low due to slight overloading of
the column. Gasoline falls within the medium carbon range and has its own category
according to ASTM E1618. Within this classification there are lighter compounds that
could be masked by the carbon disulfide peak, therefore it is important to see all the
fragments. For this research gasoline will also be characterized as a MPD. Figure 24
shows the GC-MS chromatogram of a neat gasoline standard.
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Figure 24: Neat gasoline standard GC-MS chromatogram
All the peaks present can be identified by mass spectra from gasoline because
there was no interference from the solvent. As shown above there are lighter peaks seen
in the gasoline standard, in upcoming experiments these peaks could be covered by the
carbon disulfide solvent, along with missing peaks due to the solvent delay. Figure 25
shows the mass spectrum for the highest retention time peak of a neat gasoline standard.
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Figure 25: Neat gasoline standard mass spectrum for the peak at retention time 13.047
min
The highest m/z ion being 184 is the molecular weight of tridecane. This can be
shown by examining the fragmentation of the compound. When starting with the highest
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m/z ion, the difference between 184 and 169 is 15 which is the result of a loss of the CH 3
leaving C12H25+. The rest of the ion fragments created by a loss of CH2, differences of 14.
The remaining mass spectra results for neat gasoline can be found in Appendix B and
summarized in Table 8.
Table 8: Neat Gasoline Standard Mass Spectra Results
Peak
Ions Found
Retention
Time
3.849
114, 85, 71, 57, 43, 29
4.309
112, 83, 69, 55, 41, 27
5.079
106, 91, 77, 51, 59

6.259

120, 105, 91, 77, 51, 39

6.740

120, 105, 91, 77, 51, 39

7.010

120, 105, 91, 77, 51, 39
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Compounds
Identified
Octane
Octene
Benzene ring with
2 hydrocarbon
chain
(ethylbenzene or
xylene isomer)
Benzene ring with
3 hydrocarbon
chain
(ethyltoluene
isomer or
trimethylbenzene
isomer or
isopropylbenzene
isomer)
Benzene ring with
3 hydrocarbon
chain
(ethyltoluene
isomer or
trimethylbenzene
isomer or
isopropylbenzene
isomer)
Benzene ring with
3 hydrocarbon
chain
(ethyltoluene
isomer or
trimethylbenzene
isomer or
isopropylbenzene
isomer)

Table 8 (continued)
Peak
Retention
Time
7.400

Ions Found

Compounds
Identified

134, 119, 105, 91, 77, 51, 39

Benzene ring with
4 hydrocarbon
chain
(4-ethyl-1,2dimethylbenzene
or
tetramethylbenzene
isomer)
Benzene ring with
4 hydrocarbon
chain
(4-ethyl-1,2dimethylbenzene
or
tetramethylbenzene
isomer)
Benzene ring with
4 hydrocarbon
chain
(4-ethyl-1,2dimethylbenzene
or
tetramethylbenzene
isomer)
Benzene with 5
hydrocarbon chain
Methylnaphthalene
isomer
Methylnaphthalene
isomer
Tridecane

7.720

134, 119, 105, 91, 77, 51, 39

8.090

134, 119, 91, 77, 51, 39

8.395

148, 133, 119, 105, 91, 77, 51, 39

9.886

142, 115, 89

10.956

156, 141, 127, 115, 102,

13.047

184, 169, 155, 141, 127, 113, 99, 85, 71, 57,
43, 29

Gasoline is being considered a MPD for this research because its main carbons
fall within the range of C8 to C13. Gasoline has an abundance of aromatics present
according to ASTM E1618.5 Isomers are shown in the mass spectra since the same ions
are found at several retention times. The attachment of the side chains to the main chain
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in these compounds creates a difference in boiling points but same molecular weight. As
shown above in Table 9 most of the peaks have predominate aromatic characteristics but
alkanes are present also. The National Center for Forensic Science Database identified
these compounds in gasoline: toluene, ethyltoluene isomer, xylene isomer, ethylbenzene,
trimethylbenzene isomer, 4-ethyl-1,2-dimethylbenzene, tetramethylbenzene isomer,
isopropylbenzene, naphthalene, methylnaphthalene isomer, pentane, dimethylpentane
isomer, trimethylpentane isomer, heptane, pentadecane, and hexadecane. 26 These
compounds are commonly found within a gasoline sample, but not all the compounds
might be seen in every gasoline sample. Due to the processing of gasoline, each company
that produces gasoline can produce the product a little differently. This is another reason
why gasoline has its own category in ASTM. As seen with the Coleman fuel standard, a
lot of the compounds that had lower boiling points did not show in the mass spectra,
which could be due to the solvent delay.
The GC-FID results of Instazorb spiked with gasoline testing is shown in Figure
26 and the GC-MS results for Instazorb spiked with gasoline testing is shown in Figure
27.
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Figure 26: Instazorb spiked with gasoline GC-FID chromatogram
Comparing the chromatogram above to the solvent blank run before this sample,
one can conclude that the peaks can be associated with the spiked ignitable liquid and not
from the instrument or carbon disulfide besides the very first peak. In the Instazorb
spiked with gasoline chromatogram, there are a few peaks missing from the beginning on
the chromatogram when compared to the pure gasoline standard chromatogram. This can
be due to the same reasons the Coleman fuel samples were different from the neat.
Weathering and dilution can affect the overall intensities and peak pattern differences.
Note the difference between Coleman fuel and gasoline in the compound and carbon
ranges displayed. Coleman fuel is a LPD while gasoline is a MPD. A MPD contains both
light and medium-heavy hydrocarbon chains. Since weathering effects lighter compounds
first, some of the peaks at the beginning of the gasoline spiked Instazorb oil dry
chromatogram are smaller in intensity or missing. Based on the chromatogram it can be
preliminarily identified as a MPD. Second gasoline spiked trial run can be found in the
Appendix A for Instazorb testing in Figure 127. The second gasoline spiked trial is
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similar peak patterns to the first trial but the intensities are different. Due to the peak
patterns being similar the same conclusion can be made, being preliminary identification
as a MPD. To further confirm the identity of the ignitable liquid present, GC-MS was
used. The results of the GC-MS chromatogram for Instazorb spiked with gasoline can be
seen in Figure 27.

Figure 27: Instazorb spiked with gasoline GC-MS chromatogram

62

From the chromatogram there are peaks with in the retention times of a MPD
range, to further identify this mass spectra for peaks will be analyzed for compound
identification. Mass spectrum results for the peak at 11.111 min can be seen in Figure 28.

Figure 28: Instazorb spiked with gasoline mass spectrum for the peak at retention time
11.111 min
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The highest m/z ion in the mass spectrum obtained from the peak at 11.111 min is
156 which is the molecular weight of a dimethylnaphthalene isomer. Taking the
difference between 156 and 141 (the next fragmentation ion) is 15 which is a loss of CH 3.
The difference between fragments 141 and 128, 128 and 115, 115 and 102, 102 and 89
are all 13 are consecutive losses of CH. The difference between 89 and 77 is 12 which is
a loss of C. The difference between 77 and 63 is 14 which is a loss of CH 2. The
difference between 63 and 51, 51 and 39 is 12 which is a loss of C. The remaining mass
spectra results for Instazorb spiked with gasoline can be found in Appendix B and
summarized in Table 9.
Table 9: Instazorb Spiked with Gasoline Mass Spectra Results
Peak Retention
Time
4.744

Ions Found
106, 91, 77, 51, 39

5.069

106, 91, 77, 51, 39

5.889

120, 105, 91, 77, 51, 39

6.034

120, 105, 91, 77, 51, 39

6.530

120, 105, 91, 77, 51, 39
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Compound
Identification
Benzene ring with 2
hydrocarbon chain
(ethylbenzene or xylene)
Benzene ring with 2
hydrocarbon chain
(ethylbenzene or xylene)
Benzene ring with 3
hydrocarbon chain
(ethyltoluene isomer or
isopropylbenzene or
trimethylbenzene isomer)
Benzene ring with 3
hydrocarbon chain
(ethyltoluene isomer or
isopropylbenzene or
trimethylbenzene isomer)
Benzene ring with 3
hydrocarbon chain
(ethyltoluene isomer or
isopropylbenzene or
trimethylbenzene isomer)

Table 9 (continued)
Peak Retention
Time
6.845

120, 105, 91, 77, 51, 39

7.230

134, 119, 105, 91, 77, 51, 39

7.595

134, 119, 105, 91, 77, 51, 39

8.010

134, 119, 105, 91, 77

8.335
8.780

162, 147, 133, 119, 105, 91, 77,
51, 39
148, 133, 119, 105, 91, 77, 51, 39

9.596

148, 133, 119, 105, 9, 77, 51, 39

9.871
10.016
10.941

142, 115, 89,
142, 115, 89
156, 141, 128, 115, 102, 89, 77,
63, 51, 39
156, 141, 128, 115, 102, 89, 77,
63, 51, 39

11.111

Ions Found

Compound
Identification
Benzene ring with 3
hydrocarbon chain
(ethyltoluene isomer or
isopropylbenzene or
trimethylbenzene isomer)
Benzene ring with 4
hydrocarbon chain
(4-ethyl-1,2dimethylbenzene or
tetramethylbenzene
isomer)
Benzene ring with 4
hydrocarbon chain
(4-ethyl-1,2dimethylbenzene or
tetramethylbenzene
isomer)
Benzene ring with 4
hydrocarbon chain
(4-ethyl-1,2dimethylbenzene or
tetramethylbenzene
isomer)
Benzene ring with 6
hydrocarbon chain
Benzene with 5
hydrocarbon chain
Benzene with 5
hydrocarbon chain
methylnaphthalene isomer
methylnaphthalene isomer
Dimethylnaphthalene
isomer
Dimethylnaphthalene
isomer

A carbon range of C8 to C13 can be seen above, which is consistent with a MPD.
Gasoline has an abundance of aromatics present according to ASTM E1618. 5 As shown
above in Table 9 most of the peaks have aromatic characteristics to them. The
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compounds found in both the sample and standard are: a benzene ring with a 2
hydrocarbon chain, a benzene ring with a 3 hydrocarbon chain, a benzene ring with a 4
hydrocarbon chain, and methylnaphthalene isomer. From the standard, there is possible
identification of the benzene rings for compounds found in gasoline, which are also seen
in the Instazorb sample. Therefore, Instazorb can identify a MPD that is possibly
gasoline. It is only possibly identified as gasoline because of the lack of alkanes. Figure
29 shows the GC-FID chromatogram for MAXXAbsorb spiked with gasoline.

Figure 29: MAXXAbsorb spiked with gasoline GC-FID chromatogram
The MAXXAbsorb spiked with gasoline chromatogram shows the same
weathering, dilution issue when looking at peak intensities, and one peak at the very
beginning from the solvent. It is important to note again that the spiked samples are
similar in peak patterns but different in intensities. Preliminary identity of MAXXAbsorb
is a MPD. Second gasoline spiked trial run can be found in the Appendix A for
MAXXAbsorb testing in Figure 128. The second gasoline spiked trial is similar peak
patterns to the first trial but the intensities are different. Due to the peak patterns being
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similar the same conclusion can be made being a preliminary identification of a MPD.
Further identification of the peaks was done using GC-MS for compound identification.
Figure 30 and Figure 31 show the GC-MS results for MAXXAbsorb spiked with
gasoline.

Figure 30: MAXXAbsorb spiked with gasoline GC-MS chromatogram
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Figure 31: MAXXAbsorb spiked with gasoline mass spectrum for the peak at retention
time 11.462 min
Figure 31 shows the mass spectrum obtained from peak 11.462 min with the
highest m/z ion as 212, which is the molecular weight of pentadecane. The difference
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between 212 and 169 is a loss of 43 or C 3H7, leaving C12H25+. The ion difference between
169 and 141, 141 and 113 is 28 which is a loss of C 2H4. The remaining ions have
differences of 14 which is a loss of CH2. Adding all these losses together create the long
15 hydrocarbon chain. The remaining mass spectra for MAXXAbsorb spiked with
gasoline can be found in Appendix B and summarized in Table 10.
Table 10: MAXXAbsorb Spiked with Gasoline Mass Spectra Results
Peak Retention Time

Ions Found

4.759

106, 91, 77, 51, 39

5.084

106, 91, 77, 51, 39

5.909

120, 105, 91, 77, 51, 29

6.149

120, 105, 91, 77, 51. 39

6.555

120, 105, 91, 77, 51, 39

6.870

120, 105, 91, 77, 51, 39

7.620

134, 119, 105, 91, 77, 51, 39
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Compound
Identification
Benzene ring with 2
hydrocarbon chain
(ethylbenzene or xylene)
Benzene ring with 2
hydrocarbon chain
(ethylbenzene or xylene)
Benzene ring with 3
hydrocarbon chain
(ethyltoluene isomer or
isopropylbenzene or
trimethylbenzene isomer)
Benzene ring with 3
hydrocarbon chain
(ethyltoluene isomer or
isopropylbenzene or
trimethylbenzene isomer)
Benzene ring with 3
hydrocarbon chain
(ethyltoluene isomer or
isopropylbenzene or
trimethylbenzene isomer)
Benzene ring with 3
hydrocarbon chain
(ethyltoluene isomer or
isopropylbenzene or
trimethylbenzene isomer)
Benzene ring with 4
hydrocarbon chain
(4-ethyl-1,2dimethylbenzene or
tetramethylbenzene
isomer)

Table 10 (continued)
Peak Retention Time

Ions Found

8.035

134, 119, 105, 91, 77, 51, 39

8.345
8.781

162, 147, 133, 119, 105, 91, 77,
51, 39
148, 133, 119, 105, 91, 77, 51, 39

9.856

142, 115, 89

9.996

142, 115, 89

10.931

156, 141, 127, 115, 102, 89

11.462

212, 169, 141, 113, 99, 85, 71,
57, 43, 29

Compound
Identification
Benzene ring with 4
hydrocarbon chain
(4-ethyl-1,2dimethylbenzene or
tetramethylbenzene
isomer)
Benzene ring with 6
hydrocarbon chain
Benzene with 5
hydrocarbon chain
Methylnaphthalene
isomer
Methylnaphthalene
isomer
Dimethylnaphthalene
isomer
Pentadecane

From the above table the carbon chain range is in the medium range excluding the
last peak. According to ASTM E1618 no major compounds associated with the ignitable
liquid in a MPD should not exceed C14.5 When comparing the MAXXAbsorb sample
back to the standard, the compounds that were similar are a benzene ring with 2
hydrocarbon chain, a benzene ring with 3 hydrocarbon chain, a benzene ring with a 4
hydrocarbon chain, a benzene ring with a 5 hydrocarbon chain, and methylnaphthalene
isomer. There was also an identification of a C 15 alkane. Therefore, using GC-MS
MAXXAbsorb can identify a MPD with characteristics consistent to gasoline. Using both
GC-FID and GC-MS MAXXAbsorb can recover a MPD with characteristic consistent of
gasoline due to the presence of aromatics and alkane, even though this alkane is a little
higher than expected. Instazorb and MAXXAbsorb oil dries have shown that they can
elute a MPD. Instazorb with the possibility of gasoline and MAXXAbsorb with
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characteristics consistent with gasoline can be identified by peak pattern and mass spectra
data.
Kerosene
A neat standard of kerosene run on GC-FID is shown in Figure 32. Therefore, the
intensity is greater and the peak resolution is lower due to slight overloading of the
column. Kerosene is a HPD therefore the solvent should not mask any of the compounds
within the kerosene.

Figure 32: Neat kerosene standard GC-FID chromatogram
The neat kerosene standard shows eight distinct, evenly spaced peaks within the
middle of the chromatogram to create an overall bell shape peak pattern. This is
consistent with what is expected to be seen from kerosene because of the carbon range
being classified as a HPD. These eight peaks represent carbon chains found within the
sample, which need to be identified by GC-MS. This chromatography separation has very
unique characteristics for kerosene, which allows it to be easily identified. Figure 33
shows the GC-MS chromatogram for neat kerosene standard.
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Figure 33: Neat kerosene standard GC-MS chromatogram
The GC-MS chromatogram does not show good peak resolution and shows
coeluting peaks within the mid region due to the overloading of the column. The
coelution can be seen in the chromatogram because the GC was not able to separate all
the components to give defined peaks. This is due to the column not being able to handle
the amount of volume that was injected and the temperature program ramping too
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quickly. The mass spectra can confirm the coelution of peaks by ions being seen within
the spectra that would not make sense for a hydrocarbon loss combination. The mass
spectra for the identifiable peaks were obtained. The mass spectrum obtained from the
highest peak retention time can be seen in Figure 34.

Figure 34: Neat kerosene standard mass spectrum for the peak at retention time 13.022
min
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This mass spectrum obtained from peak 13.022 min shows the identification of
heptadecane. This is shown by the highest m/z ion of 240 and the fragments of a
hydrocarbon chain. These fragments are shown by the difference between 240 and 141
which is a loss of 99 or C7H15. The rest of the ion differences are 14 which is a loss of
CH2. These losses added together create the long 17 hydrocarbon chain. The mass spectra
results for the neat kerosene standard can be found in Appendix B and summarized in
Table 11.
Table 11: Neat Kerosene Standard Mass Spectra Results
Peak Retention
Ions Found
Time
5.229
128, 99, 85, 71, 57, 43, 29
10.226
184, 141, 127, 113, 85, 71, 57, 43, 29
10.931
198, 141, 127, 113, 99, 85, 71, 57, 43, 29
11.593
212, 169, 141, 127, 113, 99, 85, 71, 57, 43, 29
12.292
226, 183, 169, 155, 141, 127, 113, 99, 85, 71, 57, 43,
29
13.022
240, 141, 127, 113, 99, 85, 71, 57, 43, 29

Compound
Identified
Nonane
Tridecane
Tetradecane
Pentadecane
Hexadecane
Heptadecane

The mass spectra results show that there is a C 9-C17, which is within the HPD
carbon range. National Center for Forensic Science Ignitable Liquids Database show the
major compounds identified for kerosene are: octane, nonane, 3-methyl-5-proylnonane,
decane, methyldecane isomer, undecane, methylundecane isomer, dimethylundecane
isomer, dodecane, tridecane, tetradecane, pentadecane, hexadecane, pristane, phytane,
trimethylbenzene isomer.26 As shown with gasoline, every kerosene sample will not have
all of the identifiable compounds. There are a few instances where aromatics can be
present but the predominate compounds are alkanes.
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The results GC-FID of Instazorb spiked with kerosene testing is shown in Figures
35 and the results GC-MS of Instazorb spiked with kerosene testing is shown in Figure
36.

Figure 35: Instazorb spiked with kerosene GC-FID chromatogram
Instazorb spiked with kerosene showed seven evenly-spaced peaks with an overall
bell-shaped pattern in the middle of the chromatogram. Comparing the chromatogram to
the solvent blank run before this sample, the peaks can be associated with the spiked
ignitable liquid and not from the instrument or carbon disulfide besides the very first peak
which comes from the solvent. The overall intensity is much lower and the peaks are not
broad compared to the standard. The first reason is these samples are isolated using
passive headspace with an activated charcoal strip and extraction with the carbon
disulfide, therefore diluting the sample. With the column not being overloaded, the peak
resolution is better and the seven peaks are well defined. Based on peak pattern and
retention times the preliminary identification of the ignitable liquid in Instazorb is a HPD.
Instazorb GC-FID chromatogram for the second spiked kerosene trial run can be found in
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the Appendix A, Figure 129. The second spiked kerosene trial result shows similar peak
patterns with different intensities giving the preliminary identification of HPD, therefore,
reproducible. To further identify that these peaks include the major compounds presents
in kerosene, GC-MS was used to analyze the sample. Figure 36 is the chromatogram of
Instazorb spiked with kerosene analyzed on GC-MS.

Figure 36: Instazorb spiked with kerosene GC-MS chromatogram
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From this figure there are eight evenly spaced defined peaks. This sample did not
overload the column therefore the temperature ramping program was able to elute the
compounds off efficiently to give better resolution. These peaks will be looked at for
compound identification using mass spectra. Figure 37 shows the results of mass
spectrum from the peak retention time of 12.277 min.
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Figure 37: Instazorb spiked with kerosene mass spectrum for the peak at retention time
12.277 min
The mass spectrum result for peak 12.277 min shows that the compound within
this peak is hexadecane. The highest m/z ion is 226 which is the molecular weight for
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hexadecane. The ion difference from 226 to 169 is a loss of 57, which is a C 4H9. The ion
difference between 169 and 155 is a loss of 14, which is CH 2. The ion difference between
155 and 127 is 28, which is a loss of a C 2H4. The remaining fragment differences are 14,
which are losses of CH2. These losses added together create the long 16 hydrocarbon
chain. The remaining mass spectra for Instazorb spiked with kerosene can be found in
Appendix B and summarized in Table 12.
Table 12: Instazorb Spiked with Kerosene Mass Spectra Results
Peak Retention
Ions Found
Time
5.129
128, 99, 85, 71, 57, 43, 29
6.490
142, 113, 85, 71, 57, 43, 29
7.720
156, 127, 113, 99, 85, 71, 57, 43, 29
8.840
170, 141, 127, 113, 99, 85, 71, 57, 43, 29
9.811
184, 155, 141, 127, 113, 99, 85, 71, 57, 43, 29
10.706
198, 169, 155, 141, 127, 113, 99, 85, 71, 57, 43, 29
11.512
212, 169, 155, 141, 127, 113, 99, 85, 71, 57, 43, 29
12.277
226, 169, 155, 127, 113, 99, 85,71, 57, 43, 29

Compound
Identified
Nonane
Decane
Undecane
Dodecane
Tridecane
Tetradecane
Pentadecane
Hexadecane

The mass spectra results show that there are carbon chains from C 9-C16, which
falls within the HPD range. Major compounds shown are decane, undecane, dodecane,
tridecane, tetradecane, pentadecane, and hexadecane. With the use of peak patterns and
mass spectra, Instazorb can elute compounds that identify an ignitable liquid as a HPD
with characteristics consistent with kerosene. Figure 38 shows the results from
MAXXAbsorb spiked with kerosene using GC-FID.
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Figure 38: MAXXAbsorb spiked with kerosene run on GC-FID
The chromatogram shows eight evenly spaced peaks that are within the same time
frame as the kerosene standard. Comparing the chromatogram to the solvent blank run
before this sample, the peaks can be associated with the spiked ignitable liquid and not
from the instrument or carbon disulfide besides the very first peak which comes from the
solvent. Preliminary identification of the ignitable liquid in MAXXAbsorb is a HPD.
MAXXAbsorb GC-FID chromatogram for second spiked kerosene trial runs can be
found in the Appendix A, Figure 130. The second spiked diesel trial result show similar
peak patterns with different intensities. This gives the sample conclusion of a preliminary
identification of a HPD, therefore, reproducible. To identify the compounds of these eight
evenly spaced peaks, GC-MS was used for analysis. Figure 39 shows the GC-MS
chromatogram of MAXXAbsorb spiked with kerosene and Figure 40 shows mass
spectrum for the peak 13.047 min.
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Figure 39: MAXXAbsorb spiked with kerosene GC-MS chromatogram
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Figure 40: MAXXAbsorb spiked with kerosene mass spectrum for the peak at retention
time 13.047 min
The highest m/z ion found within the mass spectrum obtained from peak 13.047
min is 240 which is the molecular weight of heptadecane. The highest m/z ion is 240
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which is the molecular weight of heptadecane. The ion difference between 240 and 155 is
85, which is a loss of C6H13. The remaining fragment differences are 14, which is a loss
of CH2. The rest of the mass spectra results for MAXXAbsorb spiked with kerosene is
found in Appendix B and summarized in Table 13.
Table 13: MAXXAbsorb Spiked with Kerosene Mass Spectra Results
Peak Retention
Ions Found
Compound
Time
Identification
5.144
128, 99, 85, 71, 57, 43, 29
Nonane
6.510
142, 113, 99, 85, 71, 57, 43, 29
Decane
7.765
156, 127, 113, 99, 85, 71, 57, 43, 29
Undecane
8.911
170, 141, 127, 113, 99, 85, 71, 57, 43
Dodecane
9.936
184, 155, 141, 127, 113, 99, 85, 71, 57, 43, 29
Tridecane
10.831
198, 155, 141, 127, 113, 99, 85, 71, 57, 43, 29
Tetradecane
11.612
212, 169, 155, 141, 127, 99, 85, 71, 57, 43, 29
Pentadecane
12.312
226, 169, 155, 127, 99, 85, 71, 57, 43, 29
Hexadecane
13.047
240, 155, 141, 127, 113, 99, 85, 71, 57, 43, 29
Heptadecane
The mass spectra results show that MAXXAbsorb could elute these major
compounds found within kerosene: nonane, decane, undecane, dodecane, tridecane,
tetradecane, pentadecane, hexadecane, and heptadecane. Therefore, based on peak
patterns and mass spectra results MAXXAbsorb oil dries can elute a HPD with
characteristics consistent with kerosene.
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Diesel
Results from the GC-FID of a neat standard of diesel is shown in Figure 41.

Figure 41: Neat diesel positive control GC-FID chromatogram
Diesel produces about sixteen evenly spaced peaks within the middle to the end of
the chromatogram to produce a bell-shaped pattern. This is a unique characteristic for
diesel compared to other HPDs. Comparing the results of a neat sample of diesel Figure
41 to the results of a neat sample of kerosene Figure 32, both produce a bell-shaped peak
pattern but the kerosene ends around the five-minute mark (which corresponds to
heptadecane) and diesel ends near the eight-minute mark (which corresponds to
eicosane). Diesel contains additional heavier compounds, resulting in the later peaks.
This is one way a forensic scientist can distinguish diesel from kerosene. Preliminary
identification as a HPD using GC-FID. Figure 42 shows the neat diesel standard GC-MS
chromatogram.
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Figure 42: Neat diesel standard GC-MS chromatogram
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The mass spectrum obtained from the highest retention time peak is shown in
Figure 43 for the neat diesel standard.

Figure 43: Neat diesel standard mass spectrum for the peak at retention time 18.309 min
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The identification from mass spectrum obtained from peak 18.309 min is
tetracosane based on the highest m/z of 338 and the fragmentation of the hydrocarbon.
The molecular weight of tetracosane is 338 g/mol. The ion difference between 338 and
141 is a loss of 197 which is C14H29. The remaining fragment differences are a loss of 14,
which is CH2. The remaining mass spectra results of the neat diesel sample are shown in
Appendix B and summarized in Table 14.
Table 14: Neat Diesel Standard Mass Spectra Results
Peak Retention
Ions Found
Time
5.184
128, 99, 85, 71, 57, 43, 29
6.580
142, 113, 99, 85, 71, 57, 43, 29
7.770
156, 127, 113, 99, 85, 71, 57, 43, 29
9.051
170, 141, 127, 113, 99, 85, 71, 57, 43, 29
10.041
184, 155, 141, 127, 113, 99, 85, 71, 57, 43, 29
10.951
198, 165, 155, 141, 127, 113, 99, 85, 71, 43, 57, 29
11.792
212, 183, 169, 155, 141, 127, 113, 99, 85, 71, 57,
43, 29
12.592
226, 155, 141, 127, 113, 99, 85, 71, 57, 43, 29
13.367
240, 183, 155, 141, 127, 113, 99, 85, 71, 57, 43, 29
14.073
254, 151, 141, 127, 113, 99, 85, 71, 57, 43, 29
14.763
268, 211, 197, 169, 155, 141, 127, 113, 99, 85, 71,
57, 43, 29
15.403
282, 169, 155, 141, 127, 113, 99, 85, 71, 57, 43, 29
16.048
296, 169, 155, 141, 127, 113, 99, 85, 71, 57, 43, 29
16.674
310, 183, 155, 141, 127, 113, 99, 85, 71, 57, 43, 29
17.419
324, 169, 141, 127, 113, 99, 85, 71, 57, 43, 29
18.309
338, 141, 127, 113, 99, 85, 71, 57, 43, 29

Compound
Identified
Nonane
Decane
Undecane
Dodecane
Tridecane
Tetradecane
Pentadecane
Hexadecane
Heptadecane
Octadecane
Nonadecane
Eicosane
Heneicosane
Docosane
Tricosane
Tetracosane

According to the National Center for Forensic Science Ignitable Liquids Database
major compounds found within diesel are: decane, undecane, dodecane, tridecane,
tetradecane, pentadecane, hexadecane, heptadecane, octadecane, nonadecane, eicosane,
heneicosane, docosane, pristane, phytane, and methylnaphthalene isomer. 26 As seen with
the kerosene, the predominate compounds identified are alkanes, although there can be a
few aromatics. The difference between the kerosene and diesel is the hydrocarbon length.
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Diesel has longer hydrocarbon chains compared to kerosene giving the longer range of
the bell-shaped curve. Figures 44 and Figure 45 shows the results of GC-FID of
Instazorb spiked with diesel.

Figure 44: Instazorb spiked with diesel GC-FID chromatogram

Figure 45: Instazorb spiked with diesel GC-FID chromatogram enlarged
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Comparing the chromatogram to the solvent blank run before this sample, the
peaks can be associated with the spiked ignitable liquid and not from the instrument or
carbon disulfide besides the very first peak. From this chromatogram there are not sixteen
evenly spaced peaks shown, there are twelve evenly spaced peaks which are
characteristic of a HPD. The beginning peak intensity difference is lower due to the
passive headspace and extraction with carbon disulfide. There is also a peak ratio change
seen from the neat standard to the spiked samples. In the neat sample the peak at about
1.5 minutes is approximately the same intensity as the 5.5 minute peak, while in the
spiked sample the 1.5 minute peak is a higher intensity than the 5.5 minute intensity.
Weathering cannot affect the heavier carbons, therefore the peak intensity seen at 5.5
minutes is due to something else. The oil dries main purpose is to absorb oil and other
petroleum products, so it is possible that the oil dry might have a hard time eluting the
heavier compounds. If the oil dry samples spiked with the ignitable liquids can be
identified properly using mass spectra, then the oil dries could still possibly be used for a
fire scene. With this chromatogram showing over eight peaks therefore, it might have
characteristics consistent with diesel depending on if other peaks can be seen and
identified properly using GC-MS. Second diesel spiked trial run can be found in the
Appendix A for Instazorb in Figure 131. The peak patterns in the second diesel spiked
trial is similar creating the bell-shaped and the same number of peaks, therefore is
reproducible. To identify and further validate if there are sixteen evenly spaced peaks,
GC-MS was used to analyze the Instazorb spiked with diesel in Figure 46. However, the
identification as diesel can be made from only 12 evenly spaced peaks within the HPD
range as long as peak patterns and compounds are properly identified.
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Figure 46: Instazorb spiked with diesel GC-MS chromatogram
The GC-MS chromatogram results show about 11 evenly spaced peaks within the
retention time range of a HPD, this is one less peak than ideal for identification of diesel.
The intensities are lower than in the standard; therefore, the mass spectra data is even
more important for the identification of this HPD. Figure 47 shows the mass spectrum
results for peak 14.468 min.
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Figure 47: Instazorb spiked with diesel mass spectrum for the peak at retention time
14.468 min
The largest m/z ion is 268 and is the molecular weight of nonadecane. The ion
difference between 268 and 197 is a loss of 71, which is C 5H11. The ion difference
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between 197 and169 is a loss of 28, which is C 2H4. The remaining fragment differences
are a loss of 14, which is CH2. These fragment losses added together create the long 19
hydrocarbon chain of nonadecane. The results for all the mass spectra for Instazorb
spiked with diesel can be found in Appendix B with Table 15 summarizing the mass
spectra results.
Table 15: Instazorb Spiked with Diesel Mass Spectra Results
Peak Retention
Ions Found
Time
7.655
156, 127, 113, 99, 85, 71, 57, 43, 29
8.740
170, 141, 127, 113, 99, 85, 71. 57, 43, 29
9.741
184, 155, 141, 127, 113, 99, 85, 71, 57, 43, 29
10.671
198, 155, 141, 127, 113, 99, 85, 71, 57, 43, 29
11.527
212, 169, 155, 141, 113, 99, 85, 71, 57, 43, 29
12.317
226, 183, 169, 155, 141,127, 113, 99, 85, 71, 57,
43, 29
13.067
240, 197, 183, 169, 155, 141, 127, 113, 99, 85,
71, 57, 43, 29
13.777
254, 211, 197, 183, 155, 141, 127, 113, 99, 84,
71, 57, 43, 29
14.468
268, 197, 169, 155, 141, 127, 113, 99, 85, 71, 57,
43, 29

Compound
Identification
Undecane
Dodecane
Tridecane
Tetradecane
Pentadecane
Hexadecane
Heptadecane
Octadecane
Nonadecane

Out of the possible 11 evenly-spaced peaks seen within the chromatogram, only
these nine gave mass spectra information for hydrocarbon chains. Other peaks gave some
characteristics of aromatics that could be present within diesel products. The main
identification of diesel comes from the hydrocarbon chains, but as shown within the
Ignitable Liquid Database, major compounds found within diesel can be aromatics. These
nine peaks encompassed the major compounds of diesel from pentadecane to nondecane.
Due to the major compounds of diesel being present in mass spectra and peak pattern
similarities Instazorb can elute HPD with characteristics consistent with diesel. Figure 48
and Figure 49 are the GC-FID results of MAXXAbsorb spiked with diesel.
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Figure 48: MAXXAbsorb spiked with diesel GC-FID chromatogram

Figure 49: MAXXAbsorb spiked with diesel GC-FID chromatogram enlarged
Comparing the chromatogram to the solvent blank run before this sample, the
peaks can be associated with the spiked ignitable liquid and not from the instrument or
carbon disulfide besides the very first peak. The GC-FID MAXXAbsorb shows twelve
evenly spaced peaks; therefore, preliminary results suggest a HPD. The second diesel
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spiked trial run can be found in the Appendix A for MAXXAbsorb in Figure 132. The
peak patterns in the second diesel spiked trial is similar creating the bell-shaped and the
same number of peaks, therefore is reproducible. GC-MS is needed to confirm the
identity of the MAXXAbsorb sample to see if this is truly a HPD. Figure 50 is the GCMS chromatogram for MAXXAbsorb spiked with diesel.

Figure 50: MAXXAbsorb spiked with diesel GC-MS chromatogram
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This chromatogram shows thirteen evenly spaced peaks within the HPD range.
Mass spectra will help clarify what type of ignitable liquid this is and confirm it as a
HPD. Figure 51 shows mass spectrum for peak 15.128 min.

Figure 51: MAXXAbsorb spiked with diesel mass spectrum for the peak at retention
time 15.128 min
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The mass spectrum obtained from peak 15.128 min shows the largest m/z ion as
282 and is the molecular weight of eicosane. The ion difference between 282 and 155 is a
loss of 127, which is a C9H19. The ion difference between 155 and 141 which is a loss of
14 or CH2. The ion difference between 141 and 113 which is a loss of 28 or C 2H4. The
remaining fragmentation differences between the ions is a loss of 14, which is CH 2.
These fragment losses added up create the long 20 hydrocarbon chain. All the other mass
spectra data for MAXXAbsorb spiked with diesel can be found in Appendix B. To
confirm the compounds within the sample the summarized results of mass spectra can be
found in Table 16.
Table 16: MAXXAbsorb Spiked with Diesel Mass Spectra Results
Peak Retention
Ions Found
Time
5.119
128, 99, 85, 71, 57, 43, 29
6.455
142, 113, 99, 85, 71, 57, 43, 29
7.655
156, 127, 113, 99, 85, 71, 57, 43, 29
8.745
170, 141, 127, 113, 99, 85, 71, 57, 43, 29
9.756
184, 155, 141, 127, 113, 99, 85, 71, 57, 43, 29
10.691
198, 155, 141, 127, 113, 99, 85, 71, 57, 43, 29
11.542
212, 183, 169, 155, 141, 127, 113, 99, 85, 71, 57,
43, 29
12.332
226, 169, 155, 141, 127, 113, 99, 85, 71, 57, 43,
29
13.067
240, 197, 155, 141, 127, 113, 99, 85, 71, 57, 43,
29
13.778
254, 197, 183, 169, 155, 127, 113, 99, 85, 71, 57,
43, 29
14.468
268, 169, 155, 141, 127, 113, 99, 85, 71, 57, 43,
29
15.128
282, 155, 141, 113, 99, 85, 71, 57, 43, 29

Compound
Identification
Nonane
Decane
Undecane
Dodecane
Tridecane
Tetradecane
Pentadecane
Hexadecane
Heptadecane
Octadecane
Nonadecane
Eicosane

The mass spectra results prove that MAXXAbsorb can elute HPD that has
characteristics consistent with diesel. The major compounds found within the
MAXXAbsorb spiked sample of diesel are characteristic of diesel from a pentadecane to
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an eicosane. With peak pattern and mass spectra confirmation, MAXXAbsorb can elute
HPD with characteristics consistent with diesel. Instazorb and MAXXAbsorb oil dries
can elute a HPD with characteristics consistent with diesel. It is interesting to note that
both the Instazorb and MAXXAbsorb oil dry samples did not elute the higher
hydrocarbons (above 20) seen within the standard. This could be due to the activated
charcoal strip capability of not being able to retain these higher hydrocarbons (above 20)
or the oil dries not allowing them to elute. This has not been investigated.
When using both GC-FID and GC-MS, it was confirmed the oil dries could elute
the sampled ignitable liquids from all ranges and allow for the identification of the
ignitable liquids by passive headspace. In addition, the spiked trials did show
reproducibility of the instrument peak patterns, even though the intensities are different.
Tile Trials
With confirmation of the oil dries being able to elute identifiable ignitable liquids,
the research moved on to isolation C. This isolation focused on the absorption ability of
the oil dry to retrieve an ignitable liquid placed on a semi-porous surface: the backside of
a porcelain tile.
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Coleman Fuel
Figure 52 shows the results from the Instazorb oil dry absorbing Coleman fuel
from the backside of the tile.

Figure 52: Instazorb used on the backside of tile spiked with Coleman fuel
As shown above, there were very little amounts of the ignitable liquid recovered
from the backside of the tile. Figure 53 shows an enlarged view of this chromatogram
which is easier to interpret.
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Figure 53: Instazorb used on the backside of tile spiked with Coleman fuel enlarged
In the enlarged image (Figure 53), more peaks can now be seen near the very
beginning of the chromatogram. The peaks can be associated with the spiked ignitable
liquid and not from the instrument or carbon disulfide by comparing it to the solvent
blank run before this sample. Comparing the results of Instazorb testing in Figure 53 to
results of a neat sample of Coleman fuel in Figure 14 a similar peak pattern can be seen.
The second trial can be found in Appendix A, results of Instazorb testing in Figure 133.
The intensity is the biggest difference when comparing these two figures. The results of
Instazorb testing in Figure 53 shows that the oil dry could absorb and elute compounds
to be able to be used for preliminary identification by GC-FID. The results of Instazorb
testing in Figure 133 however, did not show that the oil dry could absorb enough to be
consistent for a preliminary identification. Since these results are not reproducible,
caution should be used when using Instazorb absorbent for an LPD preliminary
identification. GC-MS is needed to further classify if an ignitable liquid is present. A
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chromatogram of Instazorb absorbing Coleman fuel from the backside of tile analyzed by
GC-MS is seen in Figure 54.

Figure 54: Instazorb used on the backside of tile spiked with Coleman fuel GC-MS
chromatogram
Due to the solvent there is a chance since there was already low concentrations of
sample and the solvent could be masking the identifiable peaks. This is where the mass
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spectra information becomes important to help decipher which peaks come from the
solvent and which peaks could be from the ignitable liquid. When looking through the
GC-MS information obtained from Figure 54, there could be no peaks identified as the
major compounds found within Coleman fuel. Due to not having any information from
GC-MS to identify the ignitable liquid, Instazorb could not identify a LPD. However, if
GC-FID is used Instazorb could give a preliminary identification of a LPD only because
the ignitable liquid is known and is a LPD. Figure 55 shows the results of MAXXAbsorb
absorbing Coleman fuel from the backside of the tile.

Figure 55: MAXXAbsorb used on the backside of tile spiked with Coleman fuel
Since peak intensity is higher, MAXXAbsorb oil dry was able to absorb more of
the light petroleum product from the backside of the tile compared to the Instazorb. This
data was compared back to the solvent blank run before the sample to show that the
peaks, besides the first peak, came from the ignitable liquid. Then this chromatogram was
compared back to the standard for peak pattern matching for proper identification. This
can be preliminary identified as a LPD. Comparing the results of MAXXAbsorb testing
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in Figure 55 to the second Coleman fuel tile trial results of MAXXAbsorb testing in
Figure 134, similar peak patterns can be seen, therefore reproducibility is possible.
MAXXAbsorb absorbent can possibly identify a LPD. To further identify if the
MAXXAbsorb sample has Coleman fuel, analysis was done on GC-MS. Figure 56
shows the GC-MS chromatogram results of MAXXAbsorb used on the backside of tile
with Coleman fuel.
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Figure 56: MAXXAbsorb used on the backside of tile spiked with Coleman fuel GC-MS
The difference between this chromatogram and the Instazorb GC-MS
chromatogram, is the ability to see defined peaks within the early retention times. Figure
57 shows the mass spectrum data for peak 7.645 min.
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Figure 57: MAXXAbsorb used on the backside of tile spiked with Coleman fuel mass
spectrum for the peak at retention time 7.645 min
The mass spectrum obtained from peak 7.654 min highest m/z ion is 156, which is
the molecular weight of undecane. The ion difference between 156 and 113 is a loss of 43
or C3H7. The rest of the ion fragmentation is a difference of 14, which is a loss of CH 2.
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The remaining mass spectra results for MAXXAbsorb absorbing from the backside of tile
spiked with Coleman fuel can be found in Appendix B and summarized in Table 17.
Table 17: MAXXAbsorb Mass Spectra Results Backside of Tile Coleman Fuel
Peak Retention Time
Ions Found
Compound Identified
3.729
114, 85, 71, 57, 43, 29
Octane
4.224
112, 97, 83, 64, 55
Octene
4.304
126, 111, 83, 69, 55
Nonene isomer
4.654
128, 113, 99, 85, 71, 57, 43
Nonane
4.749
128, 99, 85, 71, 57, 43, 29
Nonane
4.864
126, 111, 97, 83, 69, 55,
Nonene isomer
4.964
126, 111, 92, 83, 69, 55,
Nonene isomer
5.164
128, 99, 85, 71, 57, 43, 29
Nonane
5.604
142, 113, 99, 85, 71, 57, 43, 29
Decane
5.989
120, 105, 91, 77, 51, 39
Benzene ring with 3
hydrocarbon chain
6.295
140, 111, 97, 83, 69, 55, 41
Decene isomer
6.420
120, 105, 91, 77, 51, 39
Benzene ring with 3
hydrocarbon chain
6.475
142, 113, 99, 85, 71, 57, 43, 29
Decane
6.735
156, 119, 113, 99, 71, 57, 43, 29
Undecane
6.905
154, 125, 111, 97, 83, 69, 55, 41
Undecene isomer
7.070
134, 119, 105, 91, 77, 51, 39
Benzene ring with 4
hydrocarbon chain
7.65
156, 113, 99, 85, 71, 57, 43, 29
Undecane
From the mass spectra results, the ignitable liquid present is LPD because there
are no compounds above C11. There were compounds found in both the MAXXAbsorb
sample and neat Coleman fuel when comparing the two. These were nonene isomer,
nonane, decane, undecane, and a benzene ring with 4 hydrocarbon chain. Therefore,
MAXXAbsorb can absorb from the backside of tile to give proper mass spectra results to
identify a LPD but not Coleman fuel. This is due to the lack of naphthalene and
methylnaphthalene isomer compounds.
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Gasoline
Figure 58 shows the results of Instazorb oil dry chromatogram after the
absorption of gasoline from the backside of the tile.

Figure 58: Instazorb used on the backside of tile spiked with gasoline
From this chromatogram it appears that there are low amounts of the gasoline
recovered by the Instazorb. Figure 59 shows an enlarged chromatogram.

Figure 59: Instazorb used on the backside of tile spiked with gasoline enlarged
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The Instazorb results shown in Figure 59 shows some very small peaks near the
baseline. To determine if these are from the sample or background, this was compared to
the solvent blank run prior to the sample. The peaks in Figure 59 can be associated with
the spiked ignitable liquid, besides the very first peak which is from the solvent. Looking
at the peak pattern and comparing the results of the Instazorb testing in Figure 59 to the
results of a neat gasoline sample in Figure 23 shows that there are few differences in
peak patterns. Near the 3 minute mark there should be an increase in peak intensity again
according to the standard. The results of the Instazorb testing in Figure 59 show that after
2.5 minutes there are no peaks present. This could be due to Instazorb not having a
greater absorptivity than the backside of the tile for hydrocarbons. Therefore, the results
of the Instazorb testing in Figure 59 cannot be identified as a MPD. To make sure this
can be reproduced the results of the Instazorb testing in Figure 59 was compared to the
results of the Instazorb testing in Figure 135 in Appendix A. The results of Instazorb
testing in Figure 135 also shows that the Instazorb could not completely absorb the
gasoline from the backside of the tile. Comparing it back to the solvent blank before
shows that the peaks are from the ignitable liquid, but identification of that ignitable
liquid could not be determined due to the intensity being low and no distinct peak pattern.
Therefore, Instazorb is not showing reproducible results with preliminary identification
of a MPD by GC-FID. Further identification with mass spectra to identify gasoline to
find the major compounds within the sample was done. Figure 60 shows GC-MS
chromatogram results for Instazorb used on the backside of tile spiked with gasoline.
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Figure 60: Instazorb used on the backside of tile spiked with gasoline GC-MS
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Figure 61 shows mass spectrum results for Instazorb used on the backside of the
tile spiked with gasoline for peak 9.941 min.

Figure 61: Instazorb used on the backside of tile spiked with gasoline mass spectrum for
the peak at retention time 9.941 min
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In the mass spectrum obtained from peak 9.941 min the highest m/z ion is 142
which is the molecular weight of methylnaphthalene isomer. The fragmentation of this
ion is similar to the fragmentation found in Figure 16. The remaining results of the mass
spectra are found in Appendix B and summarized in Table 18.
Table 18: Instazorb on Backside of Tile Spiked with Gasoline Mass Spectra Results
Peak Retention Time
Ions Found
Compound Identification
5.977
120, 105, 91, 77, 51, 39
Benzene ring with 3
hydrocarbon chain
(ethyltoluene isomer or
isopropylbenzene or
trimethylbenzene isomer)
6.099
120, 105, 91, 77, 51, 39
Benzene ring with 3
hydrocarbon chain
(ethyltoluene isomer or
isopropylbenzene or
trimethylbenzene isomer)
6.425
120, 105, 91, 77, 51, 39
Benzene ring with 3
hydrocarbon chain
(ethyltoluene isomer or
isopropylbenzene or
trimethylbenzene isomer)
6.765
120, 105, 91, 77, 51, 39
Benzene ring with 3
hydrocarbon chain
(ethyltoluene isomer or
isopropylbenzene or
trimethylbenzene isomer)
7.185
134, 119, 105, 91, 77, 51, 39
Benzene ring with 4
hydrocarbon chain
(4-ethyl-1,2dimethylbenzene or
tetramethylbenzene
isomer)
7.510
134, 119, 105, 91, 77, 51, 39
Benzene ring with 4
hydrocarbon chain
(4-ethyl-1,2dimethylbenzene or
tetramethylbenzene
isomer)
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Table 18 (continued)
Peak Retention Time
7.875

Ions Found
134, 119, 105, 91, 77, 51, 39

7.915

134, 119, 105, 91, 77, 51, 39

8.225

148, 133, 119, 105, 91, 77, 51,
39
162, 147, 133, 119, 105, 91, 77,
51, 39
148, 133, 119, 105, 91, 77, 51,
39
148, 133, 119, 105, 91, 77, 51,
39
142, 115, 89
142, 115, 89

8.485
8.715
8.835
9.786
9.941

Compound Identification
Benzene ring with 4
hydrocarbon chain
(4-ethyl-1,2dimethylbenzene or
tetramethylbenzene
isomer)
Benzene ring with 4
hydrocarbon chain
(4-ethyl-1,2dimethylbenzene or
tetramethylbenzene
isomer)
Benzene with 5
hydrocarbon chain
Benzene ring with 6
hydrocarbon chain
Benzene with 5
hydrocarbon chain
Benzene with 5
hydrocarbon chain
Methylnaphthalene isomer
Methylnaphthalene isomer

Comparing the Instazorb sample back to the neat gasoline standard the following
similar compounds were found: benzene ring with 3 hydrocarbon chain, benzene ring
with a 4 hydrocarbon chain, benzene ring with a 5 hydrocarbon chain and
methylnaphthalene isomer. Using GC-MS Instazorb can identify a MPD that is possibly
gasoline due to not having any alkanes.
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Figure 62 and Figure 63 shows the recovery of the results of MAXXAbsorb oil
dry from the backside of tile spiked with gasoline.

Figure 62: MAXXAbsorb used on the backside of tile spiked with gasoline

Figure 63: MAXXAbsorb used on the backside of tile spiked with gasoline enlarged
To confirm that these peaks came from the ignitable liquid the chromatogram was
compared back to the solvent blank run before this sample. The peaks came from the
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ignitable liquid besides the very first peak which came from the solvent. Comparing the
results of MAXXAbsorb testing in Figure 62 back to results of a neat gasoline sample in
Figure 23, Figure 62 shows peak pattern similarities to gasoline. There is a slight pattern
difference between the standard and the sample. The results of a neat gasoline sample in
Figure 23 shows a defined peak at the 3 minute mark and a few smaller peaks near 3.5
minutes. The results of MAXXAbsorb in Figure 62 shows that the peaks start to
dissipate near the 2.5 minute mark and do not pick up in a large intensity difference until
the 3 minute mark. Closer examination of the results of MAXXAbsorb shown in Figure
63, does show there are peaks near the 3 minute mark but in low intensities. This could
be due to the MAXXAbsorb not having a greater absorptivity than the backside of the tile
to absorb the heavier hydrocarbons from the tile. Reproducibility is possible with
MAXXAbsorb by comparing the results of MAXXAbsorb in Figure 62 to the results in
Figure 136 in Appendix A. The peak patterns are similar giving the same preliminary
identification of a MPD. To further see if the MAXXAbsorb could identify gasoline the
sample was analyzed by GC-MS. The results of the MAXXAbsorb absorbing gasoline
from the backside of tile chromatogram from GC-MS is shown in Figure 64.
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Figure 64: GC-MS results of MAXXAbsorb absorbing gasoline from backside of tile
Results of mass spectrum of MAXXAbsorb from the backside of tile spiked with
gasoline peak 9.936 min can be found in Figure 65.
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Figure 65: MAXXAbsorb used on the backside of tile spiked with gasoline mass
spectrum for the peak at retention time 9.936 min
The mass spectrum obtained from peak 9.936 min highest m/z ions is 142 which
is the molecular weight of methylnaphthalene isomer. Again, the explanation of ion
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fragments can be seen by Figure 16. The remaining mass spectra results can be found in
Appendix B and summarized in Table 19.
Table 19: MAXXAbsorb on Backside of Tile Spiked with Gasoline Mass Spectra Results
Peak Retention
Ions Found
Compound Identified
Time
4.584
106, 91, 77, 51, 39
Benzene ring with 2
hydrocarbon chain
(ethylbenzene or xylene)
4.764
106, 91, 77, 51, 39
Benzene ring with 2
hydrocarbon chain
(ethylbenzene or xylene)
5.079
106, 91, 77, 51, 39
Benzene ring with 2
hydrocarbon chain
(ethylbenzene or xylene)
6.014
120, 105, 91, 77, 51, 39
Benzene ring with 3
hydrocarbon chain
(ethyltoluene isomer or
isopropylbenzene or
trimethylbenzene isomer)
6.485
134, 119, 105, 91, 77, 51, 39
Benzene ring with 4
hydrocarbon chain
(4-ethyl-1,2dimethylbenzene or
tetramethylbenzene
isomer)
6.795
134, 119, 105, 91, 77, 51, 39
Benzene ring with 4
hydrocarbon chain
(4-ethyl-1,2dimethylbenzene or
tetramethylbenzene
isomer)
6.955
134, 119, 105, 91, 77, 51, 39
Benzene ring with 4
hydrocarbon chain
(4-ethyl-1,2dimethylbenzene or
tetramethylbenzene
isomer)
7.125
134, 119, 105, 91, 77, 51, 39
Benzene ring with 4
hydrocarbon chain
(4-ethyl-1,2dimethylbenzene or
tetramethylbenzene
isomer)
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Table 19 (continued)
Peak Retention
Time
7.205

Ions Found

Compound Identified

134, 119, 105, 91, 77, 51, 39

7.455

134, 119, 105, 91, 77, 51, 39

7.535

134, 119, 105, 91, 77, 51, 39

7.935

134, 119, 105, 91, 77, 51, 39

8.155

148, 133, 119, 105, 91, 77, 51, 39

8.715

148, 133, 119, 105, 91, 77, 51, 39

8.835

148, 133, 119, 105, 91, 77, 51, 39

9.781
9.936

142, 115, 89,
142, 115, 89,

Benzene ring with 4
hydrocarbon chain
(4-ethyl-1,2dimethylbenzene or
tetramethylbenzene
isomer)
Benzene ring with 4
hydrocarbon chain
(4-ethyl-1,2dimethylbenzene or
tetramethylbenzene
isomer)
Benzene ring with 4
hydrocarbon chain
(4-ethyl-1,2dimethylbenzene or
tetramethylbenzene
isomer)
Benzene ring with 4
hydrocarbon chain
(4-ethyl-1,2dimethylbenzene or
tetramethylbenzene
isomer)
Benzene with 5
hydrocarbon chain
Benzene with 5
hydrocarbon chain
Benzene with 5
hydrocarbon chain
Methylnaphthalene isomer
Methylnaphthalene isomer

For this sample, there is an abundance of aromatics. The major compounds that
were in common between the gasoline standard and MAXXAbsorb sample were benzene
ring with 2 hydrocarbon chain, benzene ring with 3 hydrocarbon chain, benzene ring with
4 hydrocarbon chain, benzene ring with 5 hydrocarbon chain and methylnaphthalene
isomer. Therefore, MAXXAbsorb can absorb liquids to be able to identify a MPD that is
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possibly gasoline due to no alkanes using GC-MS for identification. The difference in
peak patterns seen in GC-FID was noted for both Instazorb and MAXXAbsorb and was
further investigated in the Tile Trial Issues (see page 135).
Kerosene
Figure 66 shows the Instazorb pulled from the backside of the tile spiked with
kerosene.

Figure 66: Instazorb used on the backside of tile spiked with kerosene
There was very little recovered from the backside of the tile with the use of
Instazorb. Figure 67 is an enlarged view of the chromatogram to obtain a better view of
the peaks.
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Figure 67: Instazorb used on the backside of tile spiked with kerosene enlarged
The chromatogram was compared to the solvent blank run prior to this sample
and the peaks within the 2 minute to 4 minute range came from the sample. From Figure
67, the intensity and definition of the peaks is not adequate for comparison or
identification. Second trial results of Instazorb testing can be found in Appendix A with
Figure 137. Unlike the two previous ignitable liquids reproducibility was possible
showing low intensities and peak patterns, but could not conclude the type of ignitable
liquid used. Therefore, Instazorb cannot identify HPD using GC-FID. To see if the higher
compounds are present the sample was analyzed on GC-MS. The GC-MS results of
Instazorb on the backside of tile spiked with kerosene in Figure 68.
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Figure 68: Instazorb used on the backside of tile spiked with kerosene GC-MS
Mass spectrum results of peak 10.601 min for Instazorb used on the backside of
tile spiked with kerosene can be seen in Figure 69.
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Figure 69: Instazorb used on the backside of tile spiked with kerosene mass spectrum for
the peak at retention time 10.601 min
The mass spectrum obtained from peak 10.601 min highest m/z ion is 198 which
is the molecular weight of tetradecane. The ion difference between 198 and 155 which is
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a loss of 43 or C3H7. The rest of the ion fragment differences are 14 which is a loss of
CH2. These losses added together create the long 14 hydrocarbon chain. The remaining
mass spectra can be found in Appendix B and summarized in Table 20.
Table 20: Instazorb on Backside of Tile Spiked with Kerosene Mass Spectra Results
Peak Retention
Ions Found
Compound
Times
Identification
6.465
142, 113, 99, 85, 71, 57, 42, 29
Decane
7.645
156, 127, 113, 99, 85, 71, 57, 43, 29
Undecane
8.715
170, 141, 127, 113, 99, 85, 71, 57, 43, 29
Dodecane
9.691
184, 155, 141, 127, 113, 99, 85, 71, 57, 43, 29
Tridecane
10.601
198, 155, 141, 127, 113, 99, 85, 71, 57, 43, 29
Tetradecane
The results show that the Instazorb did produce major compounds for
identification of kerosene which included the decane through tetradecane. Even though
five peaks are showing it does not affect the overall result. Using GC-MS results
Instazorb could identify HPD possibly kerosene due to having the highest compound as
tetradecane. Kerosene normally goes up to at least pentadecane and hexadecane.
Figure 70 shows the results of MAXXAbsorb oil dry absorbing kerosene from
the backside of the tile.

Figure 70: MAXXAbsorb used on the backside of tile spiked with kerosene
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Figure 70 shows five evenly spaced peaks can be easily seen with an overall bellshape chromatogram. Looking closer to the baseline the other two peaks can be seen in
the enlarged view of MAXXAbsorb results in Figure 71.

Figure 71: MAXXAbsorb used on the backside of tile spiked with kerosene enlarged
These two peaks are at much lower intensities. This chromatogram was compared
back to the solvent run prior to the sample and only showed the first solvent peak.
Comparing these two chromatograms back to the results of a neat kerosene sample in
Figure 32 there is a little peak pattern intensity difference. The preliminary identity of
the sample in Figure 70 is not a HPD but possibly a MPD. The peak at the 1 minute mark
is at a lower intensity for the sample compared to the standard possibly due to
weathering, but it should not be due to being spiked with a HPD. The results of neat
kerosene standard in Figure 32 show that the peaks end around the 5 minute mark and
the results for MAXXAbsorb in Figure 71 shows the peaks ending at the 4 minute mark.
Also, the intensity of the peak present at 4 minutes for the sample has a much lower
intensity than the standard. Some of the intensity differences could be accounted for the

123

MAXXAbsorb not having a greater absorptivity than the backside of the tile for heavy
hydrocarbons. Reproducibly of MAXXAbsorb can be found in Appendix A, with the
second kerosene spiked trial results of MAXXAbsorb in Figure 138. The intensities for
the peaks are different making it look like a different peak pattern, but the 5 district peaks
seen in Figure 70 are still seen in Figure 138. The peaks still end around the 4 minute
mark for both trials. This shows that MAXXAbsorb does produce reproducible, but
incorrect results, with a preliminary identification of a MPD instead of a HPD. To see if
there can be further identification of heavier compound GC-MS was used to analysis the
MAXXAbsorb sample. Figure 72 shows the GC-MS chromatogram results of
MAXXAbsorb on the backside of tile spiked with kerosene.
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Figure 72: MAXXAbsorb used on the backside of tile spiked with kerosene GC-MS
The chromatogram shows five evenly spaced peaks, to identify the compounds
within these peaks MS was used. Figure 73 shows the mass spectrum results of peak
11.467 min from the MAXXAbsorb on the backside of tile spiked with kerosene.
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Figure 73: MAXXAbsorb used on the backside of tile spiked with kerosene mass
spectrum for the peak at retention time 11.467 min
The mass spectrum obtained from peak 11.467 min highest m/z ion is 212, which
is the molecular weight of pentadecane. The explanation of the ion fragments can be
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found by Figure 31. The remaining mass spectrum for MAXXAbsorb on the backside of
tile spiked with kerosene are in Appendix B and summarized in Table 21.
Table 21: MAXXAbsorb on Backside of Tile Spiked with Kerosene Mass Spectra
Results
Peak Retention
Ions Specific
Compound
Time
Identification
5.134
128, 99, 85, 71, 57, 43, 29
Nonane
6.515
142, 113, 99, 85, 71, 57, 43, 29
Decane
7.720
156, 127, 113, 99, 85, 71, 57, 43, 29
Undecane
8.770
170, 141, 127, 113, 99, 85, 71, 57, 43, 29
Dodecane
9.726
184, 155, 141, 113, 99, 85, 71, 57, 43, 29
Tridecane
10.616
198, 169, 155, 141, 113, 99, 85, 71, 57, 43, 29
Tetradecane
11.467
212, 141, 127, 113, 99, 85, 71, 57, 43, 29
Pentadecane
From the results a carbon range of C9-C15 was found, which falls within the HPD
range. The major compounds for kerosene that were seen within the MAXXAbsorb
sample were: nonane, decane, undecane, dodecane, tridecane, tetradecane and
pentadecane. Therefore, mass spectra data from MAXXAbsorb could identify a HPD
with characteristics consistent with kerosene. The Instazorb and MAXXAbsorb both
produced an issue with recovering the heavier compounds. This was further examined in
the Trial Issues section with both Instazorb and MAXXAbsorb.
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Diesel
Figure 74 shows Instazorb oil dry absorbing diesel from the backside of the tile.

Figure 74: Instazorb used on the backside of tile spiked with diesel
From this chromatogram, it looks like none or very little of the diesel was
recovered by the Instazorb. Figure 75 is an enlarged in view of the Instazorb results in
Figure 74 above.

Figure 75: Instazorb used on the backside of tile spiked with diesel enlarged
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Looking at this expanded chromatogram there are peaks in the area that could be
associated with HPD recovered by the Instazorb. This can be confirmed by comparing the
solvent blank chromatogram before this sample run to see if there were any peaks that
match the peaks in Figure 75. The solvent blank showed no peaks within the 2-9 minute
range that would have come from the instrument or carbon disulfide. Therefore, peaks
that are shown in Figure 75 came from the ignitable liquid absorbed by the Instazorb.
Association to diesel can only be made because the sample was spiked with diesel. From
these trials it seems that Instazorb is not able to absorb diesel from the backside of the tile
for proper preliminary identification of a HPD by GC-FID. Reproducibility for Instazorb
can be found in Appendix A, Figure 139. The second trial results of Instazorb testing in
Figure 139 shows that the Instazorb was not able to absorb the HPD for preliminary
identification with weak intensities and weak peak resolution. Thus, proves that the data
for Instazorb could not absorb HPD is reproducible. To see if identification can be made
by GC-MS the results of chromatogram is seen in Figure 76.
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Figure 76: Instazorb used on the backside of tile spiked with diesel GC-MS
chromatogram
The GC-MS chromatogram shows low intensity peaks so the identification of the
peaks is important for proper identification. Figure 77 shows mass spectrum for peak
13.767 min.
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Figure 77: Instazorb used on the backside tile spiked with diesel mass spectrum for the
peak at retention time 13.767 min
The mass spectrum obtained from peak 13.767 min highest m/z ion was 254,
which is the molecular mass for octadecane. The ion difference between 254 and 183 is a
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loss of 71 or C5H11. The ion difference between 183 and 155 is a loss of 28 or C 2H4. The
rest of the ion fragmentation differences are 14, which is a loss of CH 2. These losses
added together create the long 18 hydrocarbon chain. The rest of the mass spectra results
for peaks can be found in Appendix B and summarized in Table 22.
Table 22: Instazorb on Backside of Tile Spiked with Diesel Mass Spectra Results
Peak Retention
Ions Found
Compound
Time
Identified
7.640
156, 113, 99, 85, 71, 57, 43, 29
Undecane
8.705
170, 127, 113, 99, 85, 71, 58, 43, 29
Dodecane
9.686
184, 141, 127, 113, 99, 85, 71, 57, 43, 29
Tridecane
10.601
198, 155, 141, 127, 113, 99, 85, 71, 57, 43, 29
Tetradecane
11.457
212, 169, 155, 141, 127, 113, 99, 85, 71, 57, 43, 29 Pentadecane
12.267
226, 183, 169, 155, 141, 127, 113, 99, 85, 71, 57,
Hexadecane
43, 29
13.037
240, 183, 169, 155, 141, 127, 113, 99, 85, 71, 57,
Heptadecane
43, 29
13.767
254, 183, 155, 141, 127, 113, 99, 85, 71, 57, 43, 29 Octadecane
From the mass spectra table above, hydrocarbon chains from C 11-C18 were
identified, which makes it consistent with a HPD. There are only eight peaks present
which is lower than expected for diesel, but the major compounds found within these
eight peaks are undecane through octadecane. There was only one heavier compound,
octadecane, that could separate this sample between kerosene and diesel. Octadecane is
only found within diesel and not kerosene. The GC-MS information concludes that
Instazorb can identify HPD with characteristics consistent with diesel. Note that the
higher hydrocarbon nonadecane was not identified compared to the elution of the spiked
samples. This was further investigated in the Tile Trial Issues section. Figure 78 shows
the results of MAXXAbsorb oil dry absorbing diesel from the backside of the tile.
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Figure 78: MAXXAbsorb used on the backside of tile spiked with diesel
The chromatogram shows four evenly spaced peaks easily. Enlarging the
chromatogram only one or two other evenly spaced peaks can be identify shown in
Figure 79.

Figure 79: MAXXAbsorb used on the backside of tile spiked with diesel enlarged
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The peaks can be associated with the spiked ignitable liquid and not from the
instrument or carbon disulfide by comparing it to the solvent blank run before this
sample. The blank chromatogram only showed the solvent peak at the beginning of the
chromatogram. Comparing these two chromatograms to the results of a neat diesel
sample in Figure 41 there are big differences seen. The main intense peaks are not in the
middle to the end of the chromatogram as expected with diesel. The results of
MAXXAbsorb testing in Figure 79 shows that peaks end near the 4 minute mark while
the standard has peaks that end near the 8 minute mark. When comparing
chromatograms, Figure 79 looks more like a kerosene sample than a diesel sample,
which it was spiked with, but still has lower retention times the a HPD range. Therefore,
based off this result, it could only be determined that Figure 79 is possibly a MPD not a
HPD. Diesel produces heavier hydrocarbons than kerosene so an absorbance issue might
be seen with MAXXAbsorb. This was investigated further in the Tile Trial Issues section.
Reproducibility run for MAXXAbsorb can be found in Appendix A, Figure 140. The
second trial result of MAXXAbsorb testing in Figure 140 shows greater intensities and
peaks out to about the 6 minute mark. Even though there are peaks out a little further, the
preliminary identification would still be a HPD, with consistencies leaning toward
kerosene not diesel. This does show that MAXXAbsorb data for HPD is not reproducible,
because the amount recovered from the backside of tile could fluctuate and if the heavier
hydrocarbons can be recovered or not. Figure 80 shows the GC-MS chromatogram for
MAXXAbsorb from the backside of tile spiked with diesel.
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Figure 80: MAXXAbsorb used on the backside of tile spiked with diesel GC-MS
There are nine evenly spaced peaks in the HPD retention time range. Due to this
pattern being close to kerosene, MS identification of the peaks can further identify if this
HPD is diesel or not. The mass spectrum obtained from highest retention time peak
12.272 min is shown in Figure 81.
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Figure 81: MAXXAbsorb used on the backside of tile spiked with diesel mass spectrum
for the peak at retention time 12.272 min
The mass spectrum data for peak 12.272 min identification is hexadecane. The
highest m/z ion is 226 which is the molecular weight for hexadecane. The explanation of
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the ion fragmentation can be found by Figure 37. The result of GC-MS mass spectrum
from the backside of tiles trials can be found in Appendix B and the summarized in Table
23.
Table 23: MAXXAbsorb on Backside of Tile Spiked with Diesel Mass Spectra Results
Peak Retention
Ions Found
Compound
Time
Identification
6.460
142, 113, 99, 85, 71, 57,43, 29
Decane
7.650
156, 127, 113, 99, 85, 71, 57, 43, 29
Undecane
8.715
170, 141, 127, 113, 99, 85, 71, 57, 43, 29
Dodecane
9.701
184, 155, 141, 127, 113, 99, 85, 71, 57, 43, 29
Tridecane
10.601
198, 155, 141, 127, 113, 99, 85, 71, 57, 43, 29
Tetradecane
11.457
212, 155, 141, 127, 113, 99, 85, 71, 57, 43, 29
Pentadecane
12.272
226, 169, 155, 127, 113, 99, 85, 71, 57, 43, 29
Hexadecane
The compounds identified concluded that this sample is kerosene instead of
diesel. Major identifying compounds for diesel include higher hydrocarbons such as
heptadecane, octadecane, and nonadecane. Due to not having the higher hydrocarbons
identified within the MAXXAbsorb sample, MAXXAbsorb cannot be used to identify
diesel but could identify a HPD using GC-MS.
Tile Trial Issues
From the results of the tile trials on the backside with GC-FID, the Instazorb and
MAXXAbsorb did not recover the ignitable liquids from the backside of the tile giving
proper preliminary identification due to missing peaks causing a change in peak patterns
compared to the neat standard results. The spiked trials show that proper elution by both
oil dries for all ignitable liquid ranges was possible, therefore the issues seen within the
tiles is thought to be an absorbance issue.
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Front Side of Tile
To see if there was an absorbance issue, the ignitable liquids were placed onto the
front of the tile, which is less porous, then absorbed by the oil dry. The instrument used
was GC-FID and was not run on GC-MS for identification. All of these chromatograms
were compared to the solvent blank run prior to the sample to identify any peaks from the
instrument or solvent. The very first peak at the beginning of the chromatograms comes
from the solvent, no other peaks were identified. This can be seen in the results of
Instazorb testing in Figure 82 and Figure 83. The results of MAXXAbsorb testing in
Figure 84 and Figure 85.

Figure 82: Instazorb used on the front side of tile spiked with diesel
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Figure 83: Instazorb used on the front side of tile spiked with diesel enlarged

Figure 84: MAXXAbsorb used on the front side of tile spiked with diesel
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Figure 85: MAXXAbsorb used on the front side of tile spiked with diesel enlarged
This experiment shows that the oil dries have lower intensities than the spiked
trials, but better recovery from front side of the tile compared to the back. Using GC-FID,
these samples are preliminary identified as a HPD. To confirm if these samples are diesel
or kerosene GC-MS would be needed. The spiked trials show that the mass spectra could
identify the diesel with GC-FID chromatograms similar to these, therefore with MS there
is a possibility these front trials could be identified as diesel. With believing that this is
possibly an absorbance issue, an increase in time of the oil dry sitting on top of the
backside of the tile should increase the intensity of the ignitable liquid recovered from the
backside of the tile.
Timed Trials
The increase in time might allow for the heavier hydrocarbon to absorb into
Instazorb and MAXXAbsorb because it would allow for more interaction between the
same polarities. This would increase the absorptivity of the oil dry potentially making it
greater than an absorptivity of the tile. The results of increasing the time the oil dry
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spends on the backside of the tile are below. Figure 86 and Figure 87 show Instazorb
absorbing diesel for 30 minutes on the backside of tile.

Figure 86: Instazorb used on the backside of tile spiked with diesel after 30 minutes

Figure 87: Instazorb on the backside of tile spike with diesel after 30 minutes enlarged
The addition of 15 minutes shows a little increase in intensity and peaks
compared to the original results of Instazorb spiked with diesel on the backside of tile
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spiked with diesel in Figure 74. Figure 88 and Figure 89 show Instazorb absorbing
diesel for 1 hour on the backside of tile.

Figure 88: Instazorb on the backside of tiles spiked with diesel after 1 hour

Figure 89: Instazorb used on the backside of tile spiked with diesel after 1 hour enlarged
Addition of a half hour shows an increase of the Instazorb absorbing the diesel.
This addition is very minor but shows that the increase in time did help with the increase
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in intensity of the Instazorb oil dry. Unfortunately, it would take many hours to absorb
enough ignitable liquid for proper identification using Instazorb from the backside of the
tile. Table 24 shows the peak area vs time of a major peak found within all three times
trials.
Table 24: Instazorb on Backside of Tile Spiked with Diesel Time Trails Peak Area vs.
Time
Instazorb on Backside of Tile Spiked with
Peak Area
Diesel Time Trial Retention Time

(pA x s)

(minutes)
15 minutes Time Trial Retention Time: 3.821

5.00

30 minutes Time Trial Retention Time: 3.838

91.20

1 hour Time Trial Retention Time: 3.825

179.57

As shown above in Table 24 the increase in time for Instazorb absorbing from the
tile increased the amount of compound present. With this short increase in time
weathering should not make a big difference with the HPD because the oil dry is
supposed to be absorbing the ignitable liquid from the tile. Without testing lighter
ignitable liquids to see if the increase in the oil dry absorbing time would increase
weathering, weathering should be taken into consideration for analysis of LPD and MPD.
Due to the issues still being shown with Instazorb, further tile research would exclude
Instazorb oil dry.
The increase in intensity was not the same for the MAXXAbsorb oil dry. The data
shows that the increase in time did increase the intensity. This can be seen in the results
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of MAXXAbsorb absorbing diesel on the backside of tile for 30 minutes in Figure 90
and the results of MAXXAbsorb absorbing for 1 hour in Figure 91.

Figure 90: MAXXAbsorb used on the backside of tile spiked with diesel after 30 min

Figure 91: MAXXAbsorb used on the backside of tile spiked with diesel after 1 hour
The intensities are lower with absorbing for 30 minutes and 1 hour compared to
absorbing for 15 minutes. As shown above in the tile trials, reproducibility of peak
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pattern is possible but the intensities can vary. The peak pattern is not better with the
increase in absorbance time either. This could be due to MAXXAbsorb inefficiency in
recovering these heavier hydrocarbons from the backside of the tile due to the backside of
the tile having a more similar polarity to the heavier hydrocarbons. Table 25 shows the
time trials for a major peak vs peak area.
Table 25: MAXXAbsorb on Backside of Tile Spiked with Diesel Time Trials Peak Areas
vs. Time
MAXXAbsorb on Backside of Tile Spiked
Peak Area
with Diesel Time Trial Retention Time

(pA x s)

(minutes)
15 minutes Time Trial Retention Time: 2.452

425.60

30 minutes Time Trial Retention Time: 2.452

1609.78

1 hour Time Trial Retention Time: 2.452

1956.20

As shown above, the increase in time of the MAXXAbsorb absorbing on the
backside of the tile increased the amount of the compound that was recovered. To
compare the MAXXAbsorb and Instazorb absorption method to the traditional method
used today (taking the sample as a whole and not using the solid absorbent), a study was
done to see how much ignitable liquid would be left within the tiles after absorption from
the oil dries.
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Passive Headspace Tiles
The results of the Instazorb broken tile are shown in Figure 92 and Figure 93.
The results of MAXXAbsorb broken tile are shown in Figure 94 and Figure 95. Both
tiles were broken and placed into paint cans after absorption of diesel for an hour. A
negative control tile was also broken to make sure the tile gave no interference.

Figure 92: Standard method from Instazorb tile after absorption of diesel

Figure 93: Standard method from Instazorb tile after absorption of diesel enlarged
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Figure 94: Standard method from MAXXAbsorb tile after absorption of diesel

Figure 95: Standard method from MAXXAbsorb tile after absorption of diesel enlarged
As shown from these trials, there was still a considerable amount of ignitable
liquid left inside the tile after the previous hour absorption from the oil dries in both tiles,
allowing for recovery. The standard method after the absorption of diesel by the oil dries
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seen above in Figure 92 and Figure 94 are still not showing the complete peak pattern
that is expected with diesel. This could be due to tile previously having the oil dry on it.
The oil dry might be binding to the heavier compounds and not allowing for recovery or
the tiles porosity of tile does not allow for full recovery. Due to not knowing if it is a tile
issue or an oil dry issue, Instazorb and MAXXAbsorb oil dry have been excluded from
any further tile testing. Since concrete and the backside of tile being different types of
porous materials even though both are semi-porous surfaces, both oil dries will also be
tested using concrete for the substrate. This will help determine if it is a material issue or
if the oil dry does not allow recovery of heavier ignitable liquid compounds.
Concrete Trials
Porcelain tile is usually made from clay, while the concrete is composed of
aggregate and Portland cement. The clay-based tile pore size distribution range, from 010μm, while concrete pore size distribution range, from 0-10 -3μm.28,29 Due to this fact,
the next focus will be on the absorption ability of the oil dry from concrete, a different
semi-porous surface. This will be shown using Isolation D.
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Coleman Fuel
The GC-FID results of Instazorb testing for absorbing Coleman fuel from
concrete is shown in Figure 96 and Figure 97.

Figure 96: Instazorb used on concrete spiked with Coleman fuel

Figure 97: Instazorb used on concrete spiked with Coleman fuel enlarged
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The intensity of these peaks was low and the chromatogram had to be compared
back to the solvent blank chromatogram run before to identify the peaks. Comparing the
Instazorb testing results in Figure 97 to the solvent blank the carbon disulfide peak is
present and the peaks after the 4 minute mark were in the background. Therefore, the rest
of the peaks at the beginning of the chromatogram after the carbon disulfide blank are
from the ignitable liquid. The peak near the 4 minute mark was seen during the solvent
blank and three other solvent blanks were run before the Instazorb sample was run trying
to get whatever was stuck on the column off. After the third solvent blank run, the
research was continued taking note that this peak needs to be subtracted out of the sample
because it is stuck on the column and did not come from the sample. The highest peak
found in Figure 97 that comes from the ignitable liquid is about 55pA. This peak is low
along with the other peaks being even lower. The results of Instazorb testing in Figure 97
can be preliminary identified as a LPD. Reproducibility of Instazorb can be found
comparing Figure 97 to the results of second trial of Instazorb testing in Figure 141 in
Appendix A. The second trial of Instazorb testing in Figure 141 has low intensities and a
similar peak pattern. Therefore, the Instazorb does produce reproducible preliminary
results for LPD. To further identify the compounds within the sample GC-MS was used.
Analysis of Instazorb from concrete spiked with Coleman fuel by GC-MS is shown in
Figure 98.
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Figure 98: Instazorb used on concrete spiked with Coleman fuel GC-MS chromatogram
From the chromatogram there are still low intensity peaks, but identification
cannot be made without mass spectra information since the solvent peak is still extremely
large. This could be masking the LPD peaks. The identification of these peaks is
necessary to hopefully identify Coleman fuel. When looking at the mass spectra results
the only thing that can be identified within the chromatogram is the solvent carbon
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disulfide. Therefore, Instazorb could not be used to identify LPD or Coleman fuel from
concrete.
The results of MAXXAbsorb testing for absorbing Coleman fuel from concrete is
shown in Figure 99.

Figure 99: MAXXAbsorb used on concrete spiked with Coleman fuel
The peaks can be associated with the spiked ignitable liquid and not from the
instrument or carbon disulfide by comparing it to the solvent blank run before this sample
besides the very first peak which comes from the solvent. The chromatogram had to be
compared back to the standard for identification. Results from the concrete show a
similar peak pattern to the results of the neat Coleman fuel standard in Figure 14. With
Coleman fuel being a LPD it has weathering effects that will decrease the intensity of the
beginning peaks, along with the dilution from the isolation processes. The carbon
disulfide can be masking a few of the beginning peaks along with weathering of the
lighter compounds. Therefore, MAXXAbsorb oil dry is preliminary identification is a
LPD by GC-FID. Reproducibility of MAXXAbsorb can be seen by comparing the results
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of MAXXAbsorb testing in Figure 99 to the results of the second trial of MAXXAbsorb
testing in Figure 142 in Appendix A. The peak patterns are similar, therefore concluding
that MAXXAbsorb shows preliminary reproducible data for LPD. To further identify if
this sample is Coleman fuel GC-MS was used for analysis of the sample and can be seen
in Figure 100.

Figure 100: MAXXAbsorb used on concrete spiked with Coleman fuel GC-MS
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There are peaks within the beginning of the chromatogram comparing pattern and
retention times MAXXAbsorb can identify a LPD. To see if this LPD is Coleman fuel
each peak is looked at to see compound identification. Figure 101 shows the results of
mass spectrum of MAXXAbsorb from concrete spiked with Coleman fuel peak 7.625
min.
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Figure 101: MAXXAbsorb used on concrete spiked with Coleman fuel mass spectrum
for the peak at retention time 7.625 min
The mass spectrum obtained from peak 7.625 min highest m/z ion is 156, which is
the molecular weight for undecane. The explanation of ion fragments can be found by
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Figure 57. The remaining mass spectra can be found in Appendix B and the results
summarized in Table 26.
Table 26: MAXXAbsorb on Concrete Spiked with Coleman Fuel Mass Spectra Results
Peak Retention Time
Ions Found
Compound Identified
4.514
126, 111, 97, 83, 69, 55, 41, 27
Nonene isomer
4.744
106, 91, 77, 51, 39
Benzene ring with 2
hydrocarbon chain
5.009
126, 111, 97, 83, 69, 55, 41, 27
Nonene isomer
5.159
128, 99, 85, 71, 57, 43, 29
Nonane
5.274
126, 111, 97, 83, 69, 55, 41, 27
Nonene isomer
5.584
126, 111, 97, 83, 69, 55, 41, 27
Nonene isomer
5.979
120, 105, 91, 77, 51, 39
Benzene ring with 3
hydrocarbon chain
6.465
142, 113, 99, 85, 71, 57, 43, 29
Decane
6.730
156, 113, 99, 85, 71, 57, 43, 29
Undecane
6.925
154, 111, 97, 83, 69, 55, 41
Undecene isomer
7.175
134, 119, 105, 91, 77, 51, 39
Benzene ring with 4
hydrocarbon chain
7.625
156, 113, 99, 85, 71, 57, 43, 29
Undecane
From the mass spectra results of the MAXXAbsorb sample showed these similar
compounds compared to the neat Coleman fuel standard: nonene isomer, nonane, decane,
undecane, and a benzene ring with a 4 hydrocarbon chain. The mass spectra results show
that MAXXAbsorb could recover a LPD but could not identify Coleman fuel because
there was no identification of naphthalene or methylnaphthalene.
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Gasoline
The results of Instazorb testing for absorbing gasoline from concrete is shown in
Figure 102 and Figure 103.

Figure 102: Instazorb used on concrete spiked with gasoline

Figure 103: Instazorb used on concrete spiked with gasoline enlarged
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As described above with Instazorb absorbing Coleman fuel there are very limited
intensities and peak patterns. Figure 103 shows that the highest peak was about 85 pA.
The poor intensity of these peaks at the beginning could be due the weathering. The
intensity is expected to be lower due to the dilution from isolation and extraction process.
The overall missing peaks near the middle of the chromatogram and poor peak resolution
could be due to Instazorb not being able to absorb gasoline from concrete. The peaks
were confirmed to be from the ignitable liquid by comparing it back to the solvent blank
prior that showed only one peak after the carbon disulfide peak, the low intensity peak at
about the 4 minute mark. The compound could not be identified by GC-FID due to low
intensity and poor peak resolution. Further analysis by GC-MS would be needed to
confirm the presence of the MPD. The results of the second trial of Instazorb testing can
be found in the Appendix A, Figure 143. The results of the second trial of Instazorb
testing in Figure 143 show very low and poor resolution peaks. This concludes that
Instazorb can be reproduced to show low intensities with poor peak resolution. To
confirm the identity of the sample GC-MS was used to analyze the sample. Figure 104
shows the GC-MS results for Instazorb from concrete spiked with gasoline.
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Figure 104: Instazorb used on concrete spiked with gasoline GC-MS chromatogram
The peaks in Figure 104 are better defined using GC-MS but still low intensities.
The identities of the peaks can give the chemical compounds found within the sample to
see if it can be identified as a MPD and gasoline. Figure 105 is the mass spectrum result
for Instazorb from concrete spiked with gasoline for peak 8.710 min.
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Figure 105: Instazorb used on concrete spiked with gasoline mass spectrum for the peak
at retention time 8.710 min
The mass spectrum obtained from peak 8.710 min in Figure 105 shows the
highest m/z ion is 148, which is the molecular weight for a benzene ring compound with
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five hydrocarbon chain. The explanation of ion fragments can be found by Figure 22.
The remaining mass spectrum for Instazorb from concrete spiked with gasoline can be
found in Appendix B and is summarized in Table 27.
Table 27: Instazorb on Concrete Spiked with Gasoline Mass Spectra Results
Peak Retention Time
Ions Found
Compound Identified
5.984
120, 105, 91, 77, 51, 39
Benzene ring with 3
hydrocarbon chain
(ethyltoluene isomer or
isopropylbenzene or
trimethylbenzene isomer)
6.420
120, 105, 91, 77, 51, 39
Benzene ring with 3
hydrocarbon chain
(ethyltoluene isomer or
isopropylbenzene or
trimethylbenzene isomer)
6.760
120, 105, 91, 77, 51, 39
Benzene ring with 3
hydrocarbon chain
(ethyltoluene isomer or
isopropylbenzene or
trimethylbenzene isomer)
7.105
134, 119, 105, 91, 77, 51,
Benzene ring with 4
39
hydrocarbon chain
(4-ethyl-1,2dimethylbenzene or
tetramethylbenzene
isomer)
7.175
134, 119, 105, 91, 77, 51,
Benzene ring with 4
39
hydrocarbon chain
(4-ethyl-1,2dimethylbenzene or
tetramethylbenzene
isomer)
7.505
134, 119, 105, 91, 77, 51,
Benzene ring with 4
39
hydrocarbon chain
(4-ethyl-1,2dimethylbenzene or
tetramethylbenzene
isomer)
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Table 27 (continued)
Peak Retention Time
7.865

Ions Found
134, 119, 105, 91, 77, 51,
39

7.910

134, 119, 105, 91, 77, 51,
39

8.710

148, 133, 119, 105, 91, 77,
51, 39

Compound Identified
Benzene ring with 4
hydrocarbon chain
(4-ethyl-1,2dimethylbenzene or
tetramethylbenzene
isomer)
Benzene ring with 4
hydrocarbon chain
(4-ethyl-1,2dimethylbenzene or
tetramethylbenzene
isomer)
Benzene with 5
hydrocarbon chain

From the mass spectra results there are only three compounds (benzene ring with
3 hydrocarbon chain, benzene ring with 4 hydrocarbon chain and benzene ring with 5
hydrocarbon chain) that were in common between the gasoline standard and the Instazorb
sample. Gasoline has an abundance of aromatics along with alkanes and within the mass
spectra data results there is an abundance of aromatics. Due to this and the lack of
alkanes gasoline is possibly identified by GC-MS. Therefore, Instazorb can only identify
a MPD that is possibly gasoline. The results of MAXXAbsorb oil dry absorbing gasoline
from concrete is shown Figure 106.
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Figure 106: MAXXAbsorb used on concrete spiked with gasoline
The peaks can be associated with the spiked ignitable liquid and not from the
instrument or carbon disulfide by comparing it to the solvent blank run before this sample
besides the very first peak which comes from the solvent. Comparing this chromatogram
back to the results of the neat gasoline standard sample in Figure 23, the peak patterns
are similar. The intensities near the beginning of Figure 106 are lower in intensities due
to the dilution during isolation and weathering. The standard shows a group of distinct
peaks around the 3 minute mark and a few smaller peaks near 3.5 minutes. There are no
true defined peaks after about 2.5 minutes in Figure 106. Therefore, MAXXAbsorb can
recover MPD as a preliminary identification by GC-FID. Reproducible results from the
second trial of MAXXAbsorb testing can be found in Appendix A, Figure 144. The
results of MAXXAbsorb testing in Figure 144 shows an intense peak at 0.5 minute and
just before the 1 minute mark. Figure 106 shows an intense peak right before 1 minute
and 1.5 minute. The intensities of the peaks are different but the peak patterns are similar,
therefore showing MAXXAbsorb can show a reproducible preliminary identification of a
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MPD using GC-FID. For further identification of this sample needs to be done by MS to
see if identification of gasoline can be made. Figure 107 show the GC-MS
chromatogram for MAXXAbsorb from concrete spiked with gasoline.

Figure 107: MAXXAbsorb used on concrete spiked with gasoline GC-MS
chromatogram
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From the chromatogram there are lots of peaks with retention times within the
MPD range, so MS is used for the identification of gasoline. Figure 108 shows mass
spectrum data for the highest retention peak 8.705 min for MAXXAbsorb from concrete
spiked with gasoline.

Figure 108: MAXXAbsorb used on concrete spiked with gasoline mass spectrum for the
peak at retention time 8.705 min
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The mass spectrum obtained from peak 8.705 min in Figure 108 shows that the
highest m/z ion is 148, which is the molecular weight for a benzene ring with a five
hydrocarbon chain attached to the ring. The explanation of the ion fragmentation can be
found by Figure 22. The remaining mass spectra for the recovery of MAXXAbsorb from
concrete spiked with gasoline results can be found in Appendix B and summarized Table
28.
Table 28: MAXXAbsorb on Concrete Spiked with Gasoline Mass Spectra Results
Peak Retention
Ions Found
Compound
Time
Identification
4.624
106, 91, 77, 51, 39
Benzene ring with 2
hydrocarbon chain
(ethylbenzene or xylene)
4.784
106, 91, 77, 51, 39
Benzene ring with 2
hydrocarbon chain
(ethylbenzene or xylene)
5.094
106, 91, 77, 51, 39
Benzene ring with 2
hydrocarbon chain
(ethylbenzene or xylene)
5.484
120, 105, 91, 77, 51, 39
Benzene ring with 3
hydrocarbon chain
(ethyltoluene isomer or
isopropylbenzene or
trimethylbenzene
isomer)
5.889
120, 105, 91, 77, 51, 39
Benzene ring with 3
hydrocarbon chain
(ethyltoluene isomer or
isopropylbenzene or
trimethylbenzene
isomer)
6.014
120, 105, 91, 77, 51, 39
Benzene ring with 3
hydrocarbon chain
(ethyltoluene isomer or
isopropylbenzene or
trimethylbenzene
isomer)
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Table 28 (continued)
Peak Retention
Time
6.054

120, 105, 91, 77, 51, 39

6.114

120, 105, 91, 77, 51, 39

6.229

120, 105, 91, 77, 51, 39

6.460

120, 105, 91, 77, 51, 39

6.775

120, 105, 91, 77, 51, 39

6.954

118, 117,

7.115

134, 119, 105, 91, 77, 51, 39

Ions Found
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Compound
Identification
Benzene ring with 3
hydrocarbon chain
(ethyltoluene isomer or
isopropylbenzene or
trimethylbenzene
isomer)
Benzene ring with 3
hydrocarbon chain
(ethyltoluene isomer or
isopropylbenzene or
trimethylbenzene
isomer)
Benzene ring with 3
hydrocarbon chain
(ethyltoluene isomer or
isopropylbenzene or
trimethylbenzene
isomer)
Benzene ring with 3
hydrocarbon chain
(ethyltoluene isomer or
isopropylbenzene or
trimethylbenzene
isomer)
Benzene ring with 3
hydrocarbon chain
(ethyltoluene isomer or
isopropylbenzene or
trimethylbenzene
isomer)
Benzene ring with 3
hydrocarbon or an
Indane
Benzene ring with 4
hydrocarbon chain
(4-ethyl-1,2dimethylbenzene or
tetramethylbenzene
isomer)

Table 28 (continued)
Peak Retention

Ions Found

Time
7.185

Compound
Identification

134, 119, 105, 91, 77, 51, 39

Benzene ring with 4
hydrocarbon chain
(4-ethyl-1,2dimethylbenzene or
tetramethylbenzene
isomer)

7.515

134, 119, 105, 91, 77, 51, 39

Benzene ring with 4
hydrocarbon chain
(4-ethyl-1,2dimethylbenzene or
tetramethylbenzene
isomer)

7.915

134, 119, 105, 91, 77, 51, 39

Benzene ring with 4
hydrocarbon chain
(4-ethyl-1,2dimethylbenzene or
tetramethylbenzene
isomer)

8.325

148, 133, 119, 105, 91, 77, 51, 39

8.705

148, 133, 119, 105, 91, 77, 51, 39

Benzene with 5
hydrocarbon chain
Benzene with 5
hydrocarbon chain

When comparing the gasoline standard to the MAXXAbsorb sample these
compounds: benzene ring with 2 hydrocarbon chain, benzene ring with 3 hydrocarbon
chain, benzene ring with 4 hydrocarbon chain, and benzene ring with 5 hydrocarbon
chain, are within both samples. The sample has an abundance of aromatics based off
Table 27 along with possible identifications of the benzene rings. Therefore,
MAXXAbsorb can recover a MPD that is possibly gasoline due to lack of alkanes.
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Kerosene
The results of Instazorb absorbing kerosene from concrete is shown in Figure 109
and Figure 110.

Figure 109: Instazorb used on concrete spiked with kerosene

Figure 110: Instazorb used on concrete spiked with kerosene enlarged
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Even though the intensity is much better for kerosene than for gasoline and
Coleman fuel, there is still not the correct eight evenly spaced peaks for identification of
kerosene. Comparing the results of Instazorb testing in Figure 109 and Figure 110 to the
results of a neat kerosene sample in Figure 32 shows that the retention time of the main
center of the bell-shaped curve is moved to the left. This could be due to the Instazorb not
being able to absorb or elute the heavier hydrocarbons. There is a peak near the 5 minute
mark in Figure 110 that is found within the solvent blank before the run. The results of
Instazorb testing in Figure 111 could possibly identify a MPD not a HPD, however GCMS would be needed to confirm this result. In Appendix A, the second trial result of
Instazorb testing in Figure 145 shows the reproducibility of Instazorb with kerosene. The
second trial result of Instazorb testing in Figure 145 has greater intensities than the
results of Instazorb testing in Figure 109 but both show the same six evenly spaced peaks
with an overall bell-shape curve on the chromatogram. Therefore, Instazorb could
possibly identify MPD not a HPD showing it is reproducible. GC-MS would be needed to
confirm the higher hydrocarbons to see if Instazorb can identify a HPD with
characteristics of kerosene. The results of GC-MS are shown in Figure 111 for Instazorb
from concrete spiked with kerosene.
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Figure 111: Instazorb used on concrete spiked with kerosene GC-MS chromatogram
The chromatogram shows ten evenly spaced peaks with retention times within the
HPD range. Kerosene has eight evenly spaced peaks. To confirm the compound in each
of these peaks mass spectra were analyzed. Figure 112 shows mass spectrum results for
the highest retention time peak for Instazorb from concrete spiked with kerosene.
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Figure 112: Instazorb used on concrete spiked with kerosene mass spectrum for the peak
at retention time 12.262 min
The results of mass spectrum peak 12.262 min show that the highest m/z ion is
226, which is the molecular weight of hexadecane. The explanation of the ion fragments
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can be found by Figure 37. The rest of the mass spectra results can be found in Appendix
B and summarized in Table 29.
Table 29: Instazorb on Concrete Spiked with Kerosene Mass Spectra Results
Peak Retention
Ions Found
Compound
Time
Identified
6.445
142, 105, 99, 85, 71, 57, 43, 29
Decane
7.630
156, 113, 99, 85, 71, 57, 43, 29
Undecane
8.700
170, 127, 113, 99, 85, 71, 57, 43, 29
Dodecane
9.681
184, 141, 127, 113, 99, 85, 71, 57, 43, 29
Tridecane
10.591
198, 141, 127, 113, 99, 85, 71, 57, 43, 29
Tetradecane
11.452
212, 169, 155, 141, 127, 113, 99, 85, 71, 57, 43, 29 Pentadecane
12.262
226, 155, 141, 127, 113, 99, 85, 71, 57, 43, 29
Hexadecane
Major identifying compounds for kerosene found within this sample include
decane to hexadecane hydrocarbon chains. These hydrocarbon chains range from C 10-C16
and therefore falls within the HPD range. Therefore, Instazorb can identify HPD with
characteristics consistent with kerosene from concrete using GC-MS.
The results of MAXXAbsorb oil dry absorbing kerosene from concrete shown in
Figure 113.

Figure 113: MAXXAbsorb used on concrete spiked with kerosene
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From this figure, there are clearly five defined evenly spaced peaks, when looking
closer one other evenly spaced peak can be found in Figure 114.

Figure 114: MAXXAbsorb used on concrete spiked with kerosene enlarged
Comparing these two chromatograms back to the results of a neat kerosene
standard sample in Figure 32 shows similar characteristics to kerosene, however the
results of MAXXAbsorb testing in Figure 113 shows the bell-shaped curve shifted
toward the left. There were a few peaks seen in Figure 114 near the 5 minute that is seen
within the solvent blank run prior to this sample, having similar retention time and
intensity. Therefore, MAXXAbsorb could possibly identify a MPD not a HPD. The
second trial of MAXXAbsorb testing in Figure 146 in Appendix A shows the
reproducible data. The intensities are different but there are six evenly spaced peaks. The
two chromatograms compared to each other show similar peak patterns with a bellshaped curve. MAXXAbsorb can reproduce results of possible identification of HPD.
GC-MS would be needed to further identify if MAXXAbsorb could identify HPD with
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characteristics consistent with kerosene. Figure 115 shows the GC-MS chromatogram
for MAXXAbsorb from concrete spiked with kerosene.

Figure 115: MAXXAbsorb used on concrete spiked with kerosene GC-MS
chromatogram
The intensities of these peaks are much greater than the Instazorb sample from
concrete spiked with kerosene. Figure 115 shows about nine evenly spaced peaks. To
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identify the compounds within the peaks the mass spectra data was used. Figure 116
shows the mass spectrum obtained from the highest retention time peak for
MAXXAbsorb from concrete spiked with kerosene sample.

Figure 116: MAXXAbsorb used on concrete spiked with kerosene mass spectrum for the
peak at retention time 13.032 min
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The mass spectrum result from peak 13.032 min show that the highest m/z ion is
240, which is the molecular weight of heptadecane. The explanation of the ion fragments
can be found by Figure 34. The remaining mass spectra results can be found in Appendix
B and summarized in Table 30.
Table 30: MAXXAbsorb on Concrete Spiked with Kerosene Mass Spectra Results
Peak Retention
Ions Found
Compound
Time
Identified
6.465
142, 113, 99, 85, 71, 57, 43, 29
Decane
7.655
156, 127, 113, 99, 85, 71, 57, 43, 29
Undecane
8.700
170, 141, 127, 113, 99, 85, 71, 57, 43, 29
Dodecane
9.696
184, 155, 141, 127, 113, 99, 85, 71, 57, 43, 29
Tridecane
10.596
198, 155, 141, 127, 113, 99, 85, 71, 57, 43, 29
Tetradecane
11.452
212, 169, 155, 141, 127, 113, 99, 85, 71, 57, 43, 29
Pentadecane
12.267
226, 169, 141, 127, 113, 85, 71, 57, 43, 29
Hexadecane
13.032
240, 155, 141, 127, 113, 85, 71, 57, 43, 29
Heptadecane
From the mass spectra results the major kerosene identifying compounds are from
decane to hexadecane hydrocarbons, which is found within the sample that contains a
hydrocarbon range of C10-C17. Therefore, MAXXAbsorb can recover HPD with
characteristics consistent with kerosene.
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Diesel
Figure 117 and Figure 118 show Instazorb absorbing diesel from concrete.

Figure 117: Instazorb used on concrete spiked with diesel

Figure 118: Instazorb used on concrete spiked with diesel enlarged
The peaks can be associated with the spiked ignitable liquid and not from the
instrument or carbon disulfide by comparing it to the solvent blank run before this sample
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besides the first peak which comes from the solvent. As shown above with previous
ignitable liquids the intensity is low and not all twelve evenly spaced peaks are shown.
Comparing the results of Instazorb testing in Figure 118 to the results of a neat diesel
sample in Figure 41 the overall bell-shape pattern is in the same place near 4 minutes.
There are ten evenly spaced peaks within Figure 118 which is more than kerosene
therefore possibly could be diesel but GC-MS would be needed to confirm. Even though
the intensities are low Instazorb can possibly identify a HPD by GC-FID. The results of
the second trial Instazorb testing in Figure 147 in Appendix A shows Instazorb
recovering diesel on concrete. The results of the second trial Instazorb testing in Figure
147 shows very low intensity peaks with the highest being near 100 pA, poor peak
resolution, and a bell-shaped curve with the main portion near the 3 minute mark.
Comparing the results in Figure 147 to the results in Figure 118 the shape of the overall
chromatogram is different. Therefore, reproducibility might be an issue for Instazorb
absorbing diesel from concrete. GC-MS will be needed to analyze to see if diesel can be
identified when using Instazorb on concrete. Due to the inconsistencies seen between the
two chromatograms Instazorb is not reproducible.
To confirm the heavier compound within the Instazorb sample it was analyzed
with GC-MS. Figure 119 shows the GC-MS chromatogram result of the Instazorb from
concrete spiked diesel.
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Figure 119: Instazorb used on concrete spiked with diesel GC-MS chromatogram
The GC-MS chromatogram shows seven evenly spaced peaks, this is low when
trying to identify a compound such as diesel. Due to the low number of peaks, mass
spectra will be used to identify this compound proving if this HPD is diesel or not. The
mass spectrum obtained from the highest peak retention time results are shown in Figure
120.
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Figure 120: Instazorb used on concrete spiked with diesel mass spectrum for the peak at
retention time 10.601 min
The mass spectrum result of peak 10.601 min shows the highest m/z ion is 198
which is the molecular weight of tetradecane. The explanation of ion fragments can be
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found Figure 69. The remaining mass spectra results are shown in Appendix B and
summarized in Table 31.
Table 31: Instazorb on Concrete Spiked with Diesel Mass Spectra Results
Peak Retention
Ions Found
Compound
Time
Identified
5.114
128, 99, 85, 71, 57, 43, 29
Nonane
6.475
142, 113, 99, 85, 71, 57, 43, 29
Decane
7.675
156, 127, 113, 99, 85, 71, 57, 43, 29
Undecane
8.740
170, 141, 127, 113, 99, 85, 71, 57, 43, 29
Dodecane
9.706
184, 155, 141, 127, 113, 99, 85, 71, 57, 43, 29
Tridecane
10.601
198, 155, 141, 127, 113, 99, 85, 71, 57, 43, 29
Tetradecane
From this mass spectra data and the peak patterns show that this HPD might be
kerosene not diesel due to the major identifying compound of kerosene being found
within the sample, nonane to tetradecane. The major identifying compounds for diesel
also include pentadecane to nondecane. Therefore, Instazorb cannot be used on concrete
to confirm diesel on GC-MS but could identify a HPD.
The results of MAXXAbsorb absorbing diesel from concrete is shown in Figure
121.

Figure 121: MAXXAbsorb used on concrete spiked with diesel
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The above chromatogram shows five evenly spaced peaks but the overall bellshape major peaks near the 2 minute mark. The results of a neat diesel standard in Figure
41 shows the major peaks near the 4 minute mark. Looking closer at the chromatogram
the other five evenly spaced peaks are seen in Figure 122.

Figure 122: MAXXAbsorb used on concrete spiked with diesel enlarged
The peaks can be associated with the spiked ignitable liquid and not from the
instrument or carbon disulfide by comparing it to the solvent blank run before this sample
besides the peak at the very beginning which comes from the solvent. The standard
shows peaks till the 8 minute mark while the results of MAXXAbsorb testing in Figure
122 shows the peaks end near 6 minutes. This could be due to the MAXXAbsorb not
being able to absorb the heavier hydrocarbons from the concrete. MAXXAbsorb could
possibly identify a MPD not a HPD, but GC-MS would be needed to confirm the heavier
hydrocarbons. Second concrete trial of MAXXAbsorb can be found in Appendix A,
Figure 148. The results of the second trial MAXXAbsorb testing in Figure 148 shows
the major peaks near the 2 minute mark and smaller peaks near the 5 minute mark.
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Comparing the results of Figure 148 to the results of Figure 122 shows the
reproducibility of MAXXAbsorb to possibly identify MPD. GC-MS analysis would need
to be used to confirm a HPD and diesel within this sample. Figure 123 shows the GCMS chromatogram results of MAXXAbsorb from concrete spiked with diesel.

Figure 123: MAXXAbsorb used on concrete spiked with diesel GC-MS chromatogram
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The chromatogram shows eight evenly spaced peaks, within the HPD retention
time range. To identify if this is kerosene or diesel mass spectrum of the peaks were used.
In Figure 124 shows the mass spectrum obtained from the highest peak retention time.

Figure 124: MAXXAbsorb used on concrete with diesel mass spectrum for the peak at
retention time 11.457 min
185

The mass spectrum results show that the peak 11.457 min highest m/z is 212,
which is the molecular weight of a pentadecane. The explanation of the ion fragments can
be found by Figure 31. The remaining results of GC-MS spectrum can be found in
Appendix B and results summarized in Table 32.
Table 32: MAXXAbsorb on Concrete Spiked with Diesel Mass Spectra Results
Peak Retention
Ions Found
Compound
Time
Identification
5.144
128, 99, 85, 71, 57, 43, 29
Nonane
6.550
142, 113, 99, 85, 71, 57, 43,29
Decane
7.755
156, 127, 113, 99, 85, 71, 57, 43, 29
Undecane
8.795
170, 141, 127, 113, 99, 85, 71, 57, 43, 29
Dodecane
9.736
184, 155, 141, 127, 99, 85, 71, 57, 43, 29
Tridecane
10.616
198, 169, 155, 141, 127, 99, 85, 71, 57, 43, 29
Tetradecane
11.457
212, 141, 127, 113, 99, 85, 71, 57, 43, 29
Pentadecane
From the mass spectra results, it shows that MAXXAbsorb can recover HPD but
not diesel. While there are a few more heavier compounds for MAXXAbsorb from
concrete spiked with diesel compared to MAXXAbsorb from concrete spiked with
kerosene, these are not extremely heavier compounds such as octadecane, nonadecane, or
even eicosane which are common to most diesel samples. Due to not having these heavier
compounds MAXXAbsorb cannot be used on concrete to recover diesel but could
identify a HPD.
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Chapter IV Discussion/Conclusion
Discussion of Instazorb
The spiked Instazorb sample testing was to prove if the Instazorb oil dry would be
able to elute the correct peak pattern and mass spectra fragmentation to give proper
identification of the ignitable liquid present. Using GC-FID the spiked Instazorb could
elute preliminary information for all three classifications (LPD, MPD, and HPD) of
ignitable liquids. GC-FID also showed the reproducibility of the elution by setting up a
second trial with the resulting GC-FID data producing the same preliminary elution
information. Even though intensities might have been different, the peak patterns
produced the same conclusion. Overall retention times and patterns were consistent with
what is expected for LPD, MPD and HPD. Using GC-MS, the Instazorb could show
characteristics consistent with Coleman fuel, kerosene, and diesel. It also showed the
possible presence of gasoline due to the lack of alkane and methylnaphthalene
compounds. This research section proved that recovery of the ignitable liquid from
Instazorb could be obtained by elution of the ignitable liquid from the Instazorb.
The backside of the tile was the first semi-porous substrate used. Using GC-FID
preliminary identification was made for one trial for LPD, and MPD. It could not identify
a HPD due to low intensities. There was not enough of the kerosene and diesel absorbed
from the backside of the tile to produce an identifying peak pattern for preliminary
identification by GC-FID. This could have been due to the Instazorb not being able to
absorb the heavier hydrocarbons from the backside of the tile and was further
investigated. Reproducibility of absorbing ignitable liquids from the backside of tile is a
concern. When running the second trial the LPD and MPD did not show reproducible
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results. Not only were the peak intensities different but the overall peak patterns looked
different, therefore making it not reproducible for LPD and MPD from the backside of
the tile. The HPD did show reproducibility in having extremely low intensities, and not
having identifiable peak patterns for the kerosene and diesel sample by GC-FID. The
inconsistencies seen during the duplication of the experiment was noted but not
considered further at this time. Using GC-MS, Instazorb could identify MPD and HPD
with characteristics consistent with diesel, along with the possible identification of
gasoline and kerosene. Identification of gasoline was not possible due to the lack of
alkanes and methylnaphthalene compounds. Likewise, identification of kerosene was not
possible due to the pentadecane and hexadecane missing. Using GC-MS, Instazorb could
not identify the LPD and Coleman fuel. The Coleman fuel trial did not give any
identifying peaks or compounds for Coleman fuel or even a LPD.
Concrete being another semi-porous surface was tested to see if Instazorb could
absorb ignitable liquids from it. This was chosen because the backside of tile (clay) and
concrete (aggregate and Portland cement) are made of different materials therefore
different porous levels. Also, tile is easily broken up compared to concrete. Using GCFID Instazorb could give a preliminary identification of a LPD, one HPD from the diesel
trial and an incorrect identification of MPD for the kerosene trial. It could not give a
preliminary identification of a MPD for the gasoline trial. Reproducibility of these
preliminary results was possible for three out of the four ignitable liquids. It was not
reproducible for diesel due to the overall peak pattern changing. Using GC-MS Instazorb
could identify a MPD that was possibly gasoline, HPD that has characteristics consistent
with kerosene and just a HPD. Gasoline was only possibly identified because the lack of
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alkane chains and methylnaphthalene. Using GC-MS Instazorb could not identify LPD or
Coleman fuel, or diesel. The GC-MS results for the Instazorb Coleman fuel trial showed
no peaks or compounds giving identification for Coleman fuel or a LPD. The GC-MS
results for the Instazorb diesel trial could not identify diesel within the mass spectra due
to the lack of higher hydrocarbons to differentiate between kerosene and diesel. This
could be due to the Instazorb not being able to absorb the heavier hydrocarbons from the
concrete, or the concrete not being able release the heavier hydrocarbons. This has not
been investigated further at this time.
Discussion of MAXXAbsorb
Spiked MAXXAbsorb testing was to see if MAXXAbsorb can elute the correct
peaks and mass spectra fragments for identification. Using GC-FID MAXXAbsorb could
elute all ranges (LPD, MPD, and HPD) of ignitable liquids for preliminary identification
and was reproducible. The intensities of the ignitable liquids might have been different
but the conclusions were the same for preliminary identification. Using GC-MS, the oil
dry could identify LPD, MPD with characteristics consistent with gasoline, HPD with
characteristics consistent with kerosene and HPD with characteristics consistent with
diesel. It could not identify Coleman fuel due to the lack of naphthalene and
methylnaphthalene. Therefore, MAXXAbsorb could elute all ranges of ignitable liquids.
The backside of the tile trial was used to show if MAXXAbsorb could absorb
ignitable liquids from a semi-porous substrate. Using GC-FID the ignitable liquid ranges
of LPD and MPD were preliminary identified and were reproducible. The GC-FID results
for both the MAXXAbsorb kerosene trial and diesel trial showed a preliminary
identification of MPD instead of HPD. These samples needed confirmation by GC-MS
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for proper identification. The MAXXAbsorb kerosene trial was reproducible while the
diesel trial was not. The second diesel trial shows the chromatogram out further than the
first trial. Using GC-MS a LPD, MPD that is possibly gasoline, HPD with characteristics
consistent with kerosene and HPD could be identified. Gasoline was possibly identified
because of the lack of alkane chains and methylnaphthalene. Coleman fuel could not be
identified because the lack of naphthalene and methylnaphthalene. Note this same
conclusion was seen during the spiked trials with Coleman fuel. Therefore, this could be
an elution issue. Diesel was not able to be identified because the loss of the higher
hydrocarbons such as heptadecane, octadecane, and nonadecane. This could have been
due to the tile not allowing for the hydrocarbons to be released or the MAXXAbsorb not
having the ability to absorb the higher hydrocarbons from the backside of tile.
Concrete being another semi-porous surface was tested to see if MAXXAbsorb
could absorb ignitable liquids from it. Using GC-FID a preliminary identification of a
LPD and MPD that were reproducible. It could not identify a HPD for the kerosene or
diesel trial, therefore GC-MS is needed to confirm the identification, but was
reproducible. Using GC-MS data it could identify a LPD, a MPD that was possibly
gasoline, a HPD with characteristics consistent with kerosene and only a HPD from the
diesel trial. Gasoline was possibly identified because of the lack of alkane chains and
methylnaphthalene. Using GC-MS it could not identify Coleman fuel or diesel. The
Coleman fuel was not identified due to the lack of naphthalene and methylnaphthalene.
Note this same conclusion was seen during the spiked trials with Coleman fuel.
Therefore, this could be an elution issue. Diesel was not identified because of the lack of
higher hydrocarbons such as hexadecane, heptadecane, octadecane, and nonadecane. This
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could be due to MAXXAbsorb not being able to absorb the heavier hydrocarbons from
concrete or the concrete not allowing for the heavier hydrocarbons to be released.
Conclusion
The main hypothesis of this research was to explore a solid absorbent material
already used within the public safety world that could be used at a fire scene to assist in
the collection of fire debris samples. An oil dry is a solid absorbent used by many
hazardous material teams to clean up petroleum or chemical spills. However, its ability to
elute these chemicals for identification has not been previously determined. Two oil dries
were the focus of this research project: Instazorb absorbent and MAXXAbsorb absorbent.
These two oil dries were chosen because they did not interfere with instrumental analysis
using GC-FID and GC-MS. GC-FID can be used to give a preliminary indication when
ignitable liquids are within a fire debris sample. A chromatograms peak location and
pattern along with retention times can give an indication if a sample contains a LPD,
MPD or HPD. However, since some compounds might also have similar retention times,
confirmation should be done by GC-MS. GC-MS can be used to identify compounds
associated with specific ignitable liquids.
From the data obtained it can be concluded that Instazorb and MAXXAbsorb oil
dries are not an appropriate solid absorbent material to absorb ignitable liquids and allow
recovery from semi-porous substrates such as concrete or the backside of tile. Therefore,
Instazorb and MAXXAbsorb oil dries should not be used at a fire scene to collect
samples suspected of containing ignitable liquids.
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Problems During Research
There were a couple of problem seen during this research. First the neat standards
showed very poor resolution of peaks for both GC-FID and GC-MS. To help combat
poor resolution of the neat standards, diluted standards should be used in the future. This
could allow for better resolution of peaks to help with identification. Since carbon
disulfide is used on the other samples, it could be used for standard dilution also.
The samples were extracted with carbon disulfide and a substantial amount was
still being present once the detector was turned on. Adjustment to the method by possibly
changing the solvent used could decease the solvent delay. This could possibly help with
the unexpected loss of the lighter compounds. Not only was there an unexpected loss of
lighter compounds, but there was an unexpected loss of higher hydrocarbons, especially
when compared back to the neat standard.
Contamination of the GC-FID column was seen later within the research. This
was shown by peaks that could have been mistaken for an ignitable liquid compound.
The column should have been baked out and research put on hold, until the heavier
compounds were off the column. Due to time this was not able to be done, therefore,
interpretation was a little harder.
Another problem that was seen during this research included the reproducibility
of runs. Some runs did not give similar results. Due to time constraints, the test runs were
not triplicated. This did not allow for statistical data and confidence to be given for the
sample results. A true reproducible study should be done to give accurate and statistical
data for the method.
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Future Direction
While activated charcoal strips are the preferred ASTM standard for fire debris
analysis, a literature review or further research can be done to ensure that the higher
carbon limit detection problem seen with the oil dries isn’t because of the passive
headspace method.
The duplication studies that showed conflicting results could be re-run. This can
provide more appropriate statistical data for the oil dries within the experiment and give a
valid answer to these trials. If the results are still conflicting, a study should be done to
see why this is happening. A study using the activated charcoal strip with spiked broken
up tile and concrete could be done to compare the oil dry results to the conventional
method currently being used in forensics. If the results show that the activated charcoal
strip can recover ignitable liquids from the tile or concrete, the oil dry might have less
absorptivity ability than the tile or concrete.
The test trials for both semi-porous surfaces show that intensities obtained from
eluted ignitable liquids from the MAXXAbsorb oil dry were more than those recovered
from the Instazorb oil dry. To help explain this, further research could be done
concerning the physical and chemical nature of both oil dries. Since porosity takes into
consideration the void space versus the total volume, the physical characteristics of both
oil dries could be examined using a scanning electron microscope. Surface contact area
should also be considered, so the porosity of the tile and concrete should also be
examined. In addition, since one oil dry is a natural fiber and one is a mineral-based
substance, the absorption properties due to the chemical nature could also be researched.
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If the re-runs still show that Instazorb was not able to absorb the LPD Coleman
fuel from tile or concrete for identification, another LPD could be used to see if it has the
similar poor results. If these results concluded that Instazorb cannot identify a LPD, it
should not be used. It must also be determined why Instazorb is not allowing for
identification of a LPD by GC-MS and why MAXXAbsorb is not absorbing/eluting the
naphthalene and methylnaphthalene needed for Coleman fuel identification. Research
then can be done to see why the higher hydrocarbons are not being absorbed/eluted by
the oil dries. The research into why the higher hydrocarbons are not being absorbed could
be done like the Tile Trial Issues experiments. Increasing the amount of oil dries used on
concrete and tile to see if the absorbance of the heavier hydrocarbons can be obtained. If
the increase in the amount of oil dry does not help the absorption of the heavier
hydrocarbons, then an increase in the amount of ignitable liquids should be used. The
increase in ignitable liquid would allow for the pores of the substrate to be full.
Therefore, if the oil dries can recover for proper identification, oil dries might not be able
to pull from the semi-porous surfaces, just absorb what is on top.
To determine why the Instazorb is not absorbing the LPD, weathering research
can be done to see how long it takes Coleman fuel to weather. This can be done by
placing 0.5 mL of Coleman fuel in the bottom of a glass mason jar and let it evaporate for
15 minutes and in another jar for 30 minutes This will allow one to see how the Coleman
fuel is weathering compared to our trial results. MAXXAbsorb was not being able to
elute naphthalene and methylnaphthalene during the spiked trials, therefore, it could be
assumed that the oil dry is holding onto these. To be sure this is the case, the Coleman
fuel could be spiked onto concrete or the backside of tile, broken up and placed into the
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unlined paint can for identification. If the tile or concrete can show these compounds it
can be confirmed that the MAXXAbsorb will not elute these compounds. Once this
research is figured out and the identification can be made for all four ignitable liquids
then the study can continue.
Future trials would include testing the ignitable liquid on concrete with the
addition of fire, along with suppression using water and a fire extinguisher. For the fire
testing the ignitable liquid must be exposed to fire for at least 5 minutes. After the fire has
been extinguished by itself or smothered to take away the oxygen, the
Instazorb/MAXXAbsorb oil dry can be placed upon the concrete for absorption. Passive
headspace method with activated charcoal strip and carbon disulfide extraction can be
done, then analysis on GC-FID and GC-MS. If the results show that the
Instazorb/MAXXAbsorb oil dry can absorb and elute the correct peak pattern recognition
and chemical structures for identification of ignitable liquids, further research could be
done.
The recovery of ignitable liquids with the oil dries after fire and extinguishment,
using both water and a fire extinguisher, could be done. Two separate trials would be
conducted, one using water to extinguish and one using a fire extinguisher. For the
extinguishment testing the ignitable liquid must be exposed to fire for at least 5 minutes.
After five minutes the fire can be extinguished by water or a fire extinguisher. The
amount of water or how long the fire extinguisher is aimed towards the fire should be the
same through each trial. After the extinguishment, Instazorb/MAXXAbsorb oil dry can
be placed upon the concrete for absorption. Passive headspace method with activated
charcoal strip and carbon disulfide extraction can be done on the sample then run on GC-
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FID and GC-MS. If a successful trial from each extinguishment, including proper
identification of the ignitable liquids from the Instazorb/MAXXAbsorb oil dry was
obtained, it would show the possibility of using oil dries as replacement to removing the
tile/concrete at a scene. This would help save time, money, and manpower.
However, prior to recommending its use, a limit of detection study should be done
for Instazorb/MAXXAbsorb comparing this method to the traditional analysis method of
removal of the substrate. Using the procedure that would be used with the oil dries should
be done with the substrate, minus the addition of the oil dry. The sample should then be
broken up and placed into a metal can, extracted using passive headspace, and analyzed.
This gives the ability to do a direct comparison of how the oil dry recovery compares to
the traditional method. This is needed to say if the oil dry would be suitable replacement
for the traditional method. The amount of oil dry used to recover sufficient amounts of
ignitable liquid and the amount of ignitable liquid used to be recovered should also be
addressed. Changing the amount of oil dry used to a smaller amount when keeping the
ignitable liquid, the same, will allow to see how much oil dry is needed to recover 0.5mL
of ignitable liquid before identification cannot be made. Changing the amount of
ignitable liquid used on the substrate to a smaller amount will give the ability to see how
much ignitable liquid is recovered by 15 grams of oil dry for proper identification.
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Figure 125: Instazorb spiked with Coleman fuel round 2

Figure 126: MAXXAbsorb spiked with Coleman fuel round 2
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Figure 127: Instazorb spiked with gasoline round 2

Figure 128: MAXXAbsorb spiked with gasoline round 2
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Figure 129: Instazorb spiked with kerosene round 2

Figure 130: MAXXAbsorb spiked with kerosene round 2
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Figure 131: Instazorb spiked with diesel round 2

Figure 132: MAXXAbsorb spiked with diesel round 2
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Figure 133: Instazorb on the backside of tile spiked with Coleman fuel round 2

Figure 134: MAXXAbsorb on the backside of tile spiked with Coleman fuel round 2
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Figure 135: Instazorb on the backside of tile spiked with gasoline round 2

Figure 136: MAXXAbsorb on the backside of tile spiked with gasoline round 2
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Figure 137: Instazorb on the backside of tile spiked with kerosene round 2

Figure 138: MAXXAbsorb on the backside of tile spiked with kerosene round 2
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Figure 139: Instazorb on the backside of tile spiked with diesel round 2

Figure 140: MAXXAbsorb on the backside of tile spiked with diesel round 2
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Figure 141: Instazorb on concrete spiked with Coleman fuel round 2

Figure 142: MAXXAbsorb on concrete spiked with Coleman fuel round 2
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Figure 143: Instazorb on concrete spiked with gasoline round 2

Figure 144: MAXXAbsorb on concrete spiked on gasoline round 2
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Figure 145: Instazorb on concrete spiked with kerosene round 2

Figure 146: MAXXAbsorb on concrete spiked with kerosene round 2
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Figure 147: Instazorb on concrete spiked with diesel round 2

Figure 148: MAXXAbsorb on concrete spiked with diesel round 2
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Appendix B: GC-MS Results
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Appendix B: GC-MS Results

Figure 149: Neat Coleman fuel standard mass spectrum for the peak at retention time
3.929 min

Figure 150: Neat Coleman fuel standard mass spectrum for the peak at retention time
4.474 min
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Figure 151: Neat Coleman fuel standard mass spectrum for the peak at retention time
4.759 min

Figure 152: Neat Coleman fuel standard mass spectrum for the peak at retention time
5.449 min
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Figure 153: Neat Coleman fuel standard mass spectrum for the peak at retention time
5.769 min

Figure 154: Neat Coleman fuel standard mass spectrum for the peak at retention time
6.575 min

217

Figure 155: Neat Coleman fuel standard mass spectrum for the peak at retention time
6.810 min

Figure 156: Neat Coleman fuel standard mass spectrum for the peak at retention time
6.990 min
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Figure 157: Neat Coleman fuel standard mass spectrum for the peak at retention time
7.675 min

Figure 158: Neat Coleman fuel standard mass spectrum for the peak at retention time
7.925 min
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Figure 159: Neat Coleman fuel standard mass spectrum for the peak at retention time
8.675 min

Figure 160: Instazorb spiked with Coleman fuel mass spectrum for the peak at retention
time 3.733 min

220

Figure 161: Instazorb spiked with Coleman fuel mass spectrum for the peak at retention
time 4.549 min

Figure 162: Instazorb spiked with Coleman fuel mass spectrum for the peak at retention
time 4.789 min
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Figure 163: Instazorb spiked with Coleman fuel mass spectrum for the peak at retention
time 5.234 min

Figure 164: Instazorb spiked with Coleman fuel mass spectrum for the peak at retention
time 6.525 min
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Figure 165: Instazorb spiked with Coleman fuel mass spectrum for the peak at retention
time 6.770 min

Figure 166: Instazorb spiked with Coleman fuel mass spectrum for the peak at retention
time 7.210 min
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Figure 167: Instazorb spiked with Coleman fuel mass spectrum for the peak at retention
time 7.670 min

Figure 168: Instazorb spiked with Coleman fuel mass spectrum for the peak at retention
time 7.930 min
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Figure 169: Instazorb spiked with Coleman fuel mass spectrum for the peak at retention
time 8.255 min

Figure 170: Instazorb spiked with Coleman fuel mass spectrum for the peak at retention
time 8.680 min
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Figure 171: MAXXAbsorb spiked with Coleman fuel mass spectrum for the peak at
retention time 3.743 min

Figure 172: MAXXAbsorb spiked with Coleman fuel mass spectrum for the peak at
retention time 4.254 min
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Figure 173: MAXXAbsorb spiked with Coleman fuel mass spectrum for the peak at
retention time 4.569 min

Figure 174: MAXXAbsorb spiked with Coleman fuel mass spectrum for the peak at
retention time 4.804 min
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Figure 175: MAXXAbsorb spiked with Coleman fuel mass spectrum for the peak at
retention time 5.284 min

Figure 176: MAXXAbsorb spiked with Coleman fuel mass spectrum for the peak at
retention time 5.654 min
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Figure 177: MAXXAbsorb spike with Coleman fuel mass spectrum for the peak at
retention time 6.555 min

Figure 178: MAXXAbsorb spiked with Coleman fuel mass spectrum for the peak at
retention time 7.225 min
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Figure 179: MAXXAbsorb spiked with Coleman fuel mass spectrum for the peak at
retention time 7.685 min

Figure 180: MAXXAbsorb spiked with Coleman fuel mass spectrum for the peak at
retention time 7.935 min
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Figure 181: Neat gasoline standard mass spectrum for the peak at retention time 3.849
min

Figure 182: Neat gasoline standard mass spectrum for the peak at retention time 4.309
min
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Figure 183: Neat gasoline standard mass spectrum for the peak at retention time 5.079
min

Figure 184: Neat gasoline standard mass spectrum for the peak at retention time 6.259
min
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Figure 185: Neat gasoline standard mass spectrum for the peak at retention time 6.740
min

Figure 186: Neat gasoline standard mass spectrum for the peak at retention time 7.010
min
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Figure 187: Neat gasoline standard mass spectrum for the peak at retention time 7.400
min

Figure 188: Neat gasoline standard mass spectrum for the peak at retention time 7.720
min
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Figure 189: Neat gasoline standard mass spectrum for the peak at retention time 8.090
min

Figure 190: Neat gasoline standard mass spectrum for the peak at retention time 8.395
min
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Figure 191: Neat gasoline standard mass spectrum for the peak at retention time 9.886
min

Figure 192: Neat gasoline standard mass spectrum for the peak at retention time 10.956
min
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Figure 193: Instazorb spiked with gasoline mass spectrum for the peak at retention time
4.744 min

Figure 194: Instazorb spiked with gasoline mass spectrum for the peak at retention time
5.069 min
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Figure 195: Instazorb spiked with gasoline mass spectrum for the peak at retention time
5.889 min

Figure 196: Instazorb spiked with gasoline mass spectrum for the peak at retention time
6.034 min
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Figure 197: Instazorb spiked with gasoline mass spectrum for the peak at retention time
6.530 min

Figure 198: Instazorb spiked with gasoline mass spectrum for the peak at retention time
6.845 min
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Figure 199: Instazorb spiked with gasoline mass spectrum for the peak at retention time
7.230 min

Figure 200: Instazorb spiked with gasoline mass spectrum for the peak at retention time
7.595 min

240

Figure 201: Instazorb spiked with gasoline mass spectrum for the peak at retention time
8.010 min

Figure 202: Instazorb spiked with gasoline mass spectrum for the peak at retention time
8.335 min
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Figure 203: Instazorb spiked with gasoline mass spectrum for the peak at retention time
8.780 min

Figure 204: Instazorb spiked with gasoline mass spectrum for the peak at retention time
9.596 min
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Figure 205: Instazorb spiked with gasoline mass spectrum for the peak at retention time
9.871 min

Figure 206: Instazorb spiked with gasoline mass spectrum for the peak at retention time
10.016 min
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Figure 207: Instazorb spiked with gasoline mass spectrum for the peak at retention time
10.941 min

Figure 208: MAXXAbsorb spiked with gasoline mass spectrum for the peak at retention
time 4.759 min
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Figure 209: MAXXAbsorb spiked with gasoline mass spectrum for the peak at retention
time 5.084 min

Figure 210: MAXXAbsorb spiked with gasoline mass spectrum for the peak at retention
time 5.909 min
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Figure 211: MAXXAbsorb spiked with gasoline mass spectrum for the peak at retention
time 6.149 min

Figure 212: MAXXAbsorb spiked with gasoline mass spectrum for the peak at retention
time 6.555 min

246

Figure 213: MAXXAbsorb spiked with gasoline mass spectrum for the peak at retention
time 6.870

Figure 214: MAXXAbsorb spiked with gasoline mass spectrum for the peak at retention
time 7.620 min
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Figure 215: MAXXAbsorb spiked with gasoline mass spectrum for the peak at retention
time 8.035 min

Figure 216: MAXXAbsorb spiked with gasoline mass spectrum for the peak at retention
time 8.345 min
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Figure 217: MAXXAbsorb spiked with gasoline mass spectrum for the peak at retention
time 8.781 min

Figure 218: MAXXAbsorb spiked with gasoline mass spectrum for the peak at retention
time 9.856 min
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Figure 219: MAXXAbsorb spiked with gasoline mass spectrum for the peak at retention
time 9.996 min

Figure 220: MAXXAbsorb spiked with gasoline mass spectrum for the peak at retention
time 10.391 min
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Figure 221: Neat kerosene standard mass spectrum for the peak at retention time 5.229
min

Figure 222: Neat kerosene standard mass spectrum for the peak at retention time 10.226
min
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Figure 223: Neat kerosene standard mass spectrum for the peak at retention time 10.391
min

Figure 224: Neat kerosene standard mass spectrum for the peak at retention time 11.593
min
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Figure 225: Neat kerosene standard mass spectrum for the peak at retention time 12.292
min

Figure 226: Instazorb spiked with kerosene mass spectrum for the peak at retention time
5.129 min

253

Figure 227: Instazorb spiked with kerosene mass spectrum for the peak at retention time
6.490 min

Figure 228: Instazorb spiked with kerosene mass spectrum for the peak at retention time
7.720 min
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Figure 229: Instazorb spiked with kerosene mass spectrum for the peak at retention time
8.840 min

Figure 230: Instazorb spiked with kerosene mass spectrum for the peak at retention time
9.811 min
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Figure 231: Instazorb spiked with kerosene mass spectrum for the peak at retention time
10.706 min

Figure 232: Instazorb spiked with kerosene mass spectrum for the peak at retention time
11.512 min
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Figure 233: MAXXAbsorb spiked with kerosene mass spectrum for the peak at retention
time 5.144 min

Figure 234: MAXXAbsorb spiked with kerosene mass spectrum for the peak at retention
time 6.510 min
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Figure 235: MAXXAbsorb spiked with kerosene mass spectrum for the peak at retention
time 7.765 min

Figure 236: MAXXAbsorb spiked with kerosene mass spectrum for the peak at retention
time 8.911 min
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Figure 237: MAXXAbsorb spiked with kerosene mass spectrum for the peak at retention
time 9.936 min

Figure 238: MAXXAbsorb spiked with kerosene mass spectrum for the peak at retention
time 10.831 min
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Figure 239: MAXXAbsorb spiked with kerosene mass spectrum for the peak at retention
time 11.612 min

Figure 240: MAXXAbsorb spiked with kerosene mass spectrum for the peak at retention
time 12.312 min
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Figure 241: Neat diesel standard mass spectrum for the peak at retention time 5.184 min

Figure 242: Neat diesel standard mass spectrum for the peak at retention time 6.580 min
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Figure 243: Neat diesel standard mass spectrum for the peak at retention time 7.770 min

Figure 244: Neat diesel standard mass spectrum for the peak at retention time 9.051 min
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Figure 245: Neat diesel standard mass spectrum for the peak at retention time 10.041
min

Figure 246: Neat diesel standard mass spectrum for the peak at retention time 10.951
min
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Figure 247: Neat diesel standard mass spectrum for the peak at retention time 11.792
min

Figure 248: Neat diesel standard mass spectrum for the peak at retention time 12.592
min
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Figure 249: Neat diesel standard mass spectrum for the peak at retention time 13.367
min

Figure 250: Neat diesel standard mass spectrum for the peak at retention time 14.073
min
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Figure 251: Neat diesel standard mass spectrum for the peak at retention time 14.763
min

Figure 252: Neat diesel standard mass spectrum for the peak at retention time 15.403
min
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Figure 253: Neat diesel standard mass spectrum for the peak at retention time 16.048
min

Figure 254: Neat diesel standard mass spectrum for the peak at retention time 16.674
min
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Figure 255: Neat diesel standard mass spectrum for the peak at retention time 17.419
min

Figure 256: Instazorb spiked with diesel mass spectrum for the peak at retention time
7.655 min
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Figure 257: Instazorb spiked with diesel mass spectrum for the peak at retention time
8.740 min

Figure 258: Instazorb spiked with diesel mass spectrum for the peak at retention time
9.741 min
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Figure 259: Instazorb spiked with diesel mass spectrum for the peak at retention time
10.671 min

Figure 260: Instazorb spiked with diesel mass spectrum for the peak at retention time
11.527 min

270

Figure 261: Instazorb spiked with diesel mass spectrum for the peak at retention time
12.317 min

Figure 262: Instazorb spiked with diesel mass spectrum for the peak at retention time
13.067 min
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Figure 263: Instazorb spiked with diesel mass spectrum for the peak at retention time
13.777 min

Figure 264: MAXXAbsorb spiked with diesel mass spectrum for the peak at retention
time 5.119 min
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Figure 265: MAXXAbsorb spiked with diesel mass spectrum for the peak at retention
time 6.455 min

Figure 266: MAXXAbsorb spiked with diesel mass spectrum for the peak at retention
time 7.655 min
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Figure 267: MAXXAbsorb spiked with diesel mass spectrum for the peak at retention
time 8.745 min

Figure 268: MAXXAbsorb spiked with diesel mass spectrum for the peak at retention
time 9.756 min
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Figure 269: MAXXAbsorb spiked with diesel mass spectrum for the peak at retention
time 10.691 min

Figure 270: MAXXAbsorb spiked with diesel mass spectrum for the peak at retention
time 11.542 min
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Figure 271: MAXXAbsorb spiked with diesel mass spectrum for the peak at retention
time 12.332 min

Figure 272: MAXXAbsorb spiked with diesel mass spectrum for the peak at retention
time 13.067 min
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Figure 273: MAXXAbsorb spiked with diesel mass spectrum for the peak at retention
time 13.778 min

Figure 274: MAXXAbsorb spiked with diesel mass spectrum for the peak at retention
time 14.468 min
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Figure 275: MAXXAbsorb used on the backside of tile spiked with Coleman fuel mass
spectrum peak 3.729 min

Figure 276: MAXXAbsorb used on the backside of tile spiked with Coleman fuel mass
spectrum for the peak at retention time mass spectrum peak 4.244 min
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Figure 277: MAXXAbsorb used on the backside of tile spiked with Coleman fuel mass
spectrum for the peak at retention time 4.304 min

Figure 278: MAXXAbsorb used on the backside of tile spiked with Coleman fuel mass
spectrum for the peak at retention time 4.654 min
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Figure 279: MAXXAbsorb used on the backside of tile spiked with Coleman fuel mass
spectrum for the peak at retention time 4.749 min

Figure 280: MAXXAbsorb used on the backside of tile spiked with Coleman fuel mass
spectrum for the peak at retention time 4.864 min
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Figure 281: MAXXAbsorb used on the backside of tile spiked with Coleman fuel mass
spectrum for the peak at retention time 4.964 min

Figure 282: MAXXAbsorb used on the backside of tile spiked with Coleman fuel mass
spectrum for the peak at retention time 5.164 min
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Figure 283: MAXXAbsorb used on the backside of tile spiked with Coleman fuel mass
spectrum for the peak at retention time 5.604 min

Figure 284: MAXXAbsorb used on the backside of tile spiked with Coleman fuel mass
spectrum peak 5.989 min
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Figure 285: MAXXAbsorb used on the backside of tile spiked with Coleman fuel mass
spectrum for the peak at retention time 6.295 min

Figure 286: MAXXAbsorb used on the backside of tile spiked with Coleman fuel mass
spectrum for the peak at retention time 6.420 min
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Figure 287: MAXXAbsorb used on the backside of tile spiked with Coleman fuel mass
spectrum for the peak at retention time 6.475 min

Figure 288: MAXXAbsorb used on the backside of tile spiked with Coleman fuel mass
spectrum for the peak at retention time 6.735 min
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Figure 289: MAXXAbsorb used on the backside of tile spiked with Coleman fuel mass
spectrum for the peak at retention time 6.905 min

Figure 290: MAXXAbsorb used on the backside of tile spiked with Coleman fuel mass
spectrum for the peak at retention time mass spectrum peak 7.070 min
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Figure 291: Instazorb used on the backside of tile spiked with gasoline mass spectrum
for the peak at retention time 5.979 min

Figure 292: Instazorb used on the backside of tile spiked with gasoline mass spectrum
for the peak at retention time 6.099 min

286

Figure 293: Instazorb used on the backside of tile spiked with gasoline mass spectrum
for the peak at retention time 6.425 min

Figure 294: Instazorb used on the backside of tile spiked with gasoline mass spectrum
for the peak at retention time 6.765 min
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Figure 295: Instazorb used on the backside of tile spiked with gasoline mass spectrum
for the peak at retention time 7.185 min

Figure 296: Instazorb used on the backside of tile spiked with gasoline mass spectrum
for the peak at retention time 7.510 min
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Figure 297: Instazorb used on the backside of tile spiked with gasoline mass spectrum
for the peak at retention time 7.875 min

Figure 298: Instazorb used on the backside of tile spiked with gasoline mass spectrum
for the peak at retention time 7.915 min
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Figure 299: Instazorb used on the backside of tile spiked with gasoline mass spectrum
for the peak at retention time 8.225 min

Figure 300: Instazorb used on the backside of tile spiked with gasolinemass spectrum for
the peak at retention time 8.485 min
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Figure 301: Instazorb used on the backside of tile spiked with gasoline mass spectrum
for the peak at retention time 8.715 min

Figure 302: Instazorb used on the backside of tile spiked with gasoline mass spectrum
for the peak at retention time 8.835 min
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Figure 303: Instazorb used on the backside of tile spiked with gasoline mass spectrum
for the peak at retention time 9.786 min

Figure 304: MAXXAbsorb used on the backside of tile spiked with gasoline mass
spectrum for the peak at retention time 4.584 min
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Figure 305: MAXXAbsorb used on the backside of tile spiked with gasoline mass
spectrum for the peak at retention time 4.764 min

Figure 306: MAXXAbsorb used on the backside of tile spiked with gasoline mass
spectrum for the peak at retention time 5.079 min
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Figure 307: MAXXAbsorb used on the backside of tile spiked with gasoline mass
spectrum for the peak at retention time 6.014 min

Figure 308: MAXXAbsorb used on the backside of tile spiked with gasoline mass
spectrum for the peak at retention time 6.485 min
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Figure 309: MAXXAbsorb used on the backside of tile spiked with gasoline mass
spectrum for the peak at retention time 6.795 min

Figure 310: MAXXAbsorb used on the backside of tile spiked with gasoline mass
spectrum for the peak at retention time 6.955 min
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Figure 311: MAXXAbsorb used on the backside of tile spiked with gasoline mass
spectrum for the peak at retention time 7.125 min

Figure 312: MAXXAbsorb used on the backside of tile spiked with gasoline mass
spectrum for the peak at retention time 7.205 min
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Figure 313: MAXXAbsorb used on the backside of tile spiked with gasoline mass
spectrum for the peak at retention time 7.455 min

Figure 314: MAXXAbsorb used on the backside of tile spiked with gasoline mass
spectrum for the peak at retention time 7.535 min
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Figure 315: MAXXAbsorb used on the backside of tile spiked with gasoline mass
spectrum for the peak at retention time 7.935 min

Figure 316: MAXXAbsorb used on the backside of tile spiked with gasoline mass
spectrum for the peak at retention time 8.155 min
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Figure 317: MAXXAbsorb used on the backside of tile spiked with gasoline mass
spectrum for the peak at retention time 8.715 min

Figure 318: MAXXAbsorb used on the backside of tile spiked with gasoline mass
spectrum for the peak at retention time 8.835 min
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Figure 319: MAXXAbsorb used on the backside of tile spiked with gasoline mass
spectrum for the peak at retention time 9.781 min

Figure 320: Instazorb used on the backside of tile spiked with kerosene mass spectrum
for the peak at retention time 6.465 min
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Figure 321: Instazorb used on the backside of tile spiked with kerosene mass spectrum
for the peak at retention time 7.645 min

Figure 322: Instazorb used on the backside of tile spiked with kerosene mass spectrum
for the peak at retention time 8.715 min
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Figure 323: Instazorb used on the backside of tile spiked with kerosene mass spectrum
for the peak at retention time 9.691 min

Figure 324: MAXXAbsorb used on the backside of tile spiked with kerosene mass
spectrum for the peak at retention time 5.134 min
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Figure 325: MAXXAbsorb used on the backside of tile spiked with kerosene mass
spectrum for the peak at retention time 6.515 min

Figure 326: MAXXAbsorb used on the backside of tile spiked with kerosene mass
spectrum for the peak at retention time 7.720 min
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Figure 327: MAXXAbsorb used on the backside of tile spiked with kerosene mass
spectrum for the peak at retention time 8.770 min

Figure 328: MAXXAbsorb used on the backside of tile spiked with kerosene mass
spectrum for the peak at retention time 9.726 min
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Figure 329: MAXXAbsorb used on the backside of tile spiked with kerosene mass
spectrum for the peak at retention time 10.616 min

Figure 330: Instazorb used on the backside of tile spiked with diesel mass spectrum for
the peak at retention time 7.640 min
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Figure 331: Instazorb used on the backside of tile spiked with diesel mass spectrum for
the peak at retention time 8.705 min

Figure 332: Instazorb used on the backside of tile spiked with diesel mass spectrum for
the peak at retention time 9.686 min
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Figure 333: Instazorb used on the backside of tile spiked with diesel mass spectrum for
the peak at retention time 10.601 min

Figure 334: Instazorb used on the backside of tile spiked with diesel mass spectrum for
the peak at retention time 11.457 min
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Figure 335: Instazorb used on the backside of tile spiked with diesel mass spectrum for
the peak at retention time 12.267 min

Figure 336: Instazorb used on the backside of tile spiked with diesel mass spectrum for
the peak at retention time 13.037
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Figure 337: MAXXAbsorb used on the backside of tile spiked with diesel mass spectrum
for the peak at retention time 6.460 min

Figure 338: MAXXAbsorb used on the backside of tile spiked with diesel mass spectrum
for the peak at retention time 7.650 min
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Figure 339: MAXXAbsorb used on the backside of tile spiked with diesel mass spectrum
for the peak at retention time 8.715 min

Figure 340: MAXXAbsorb used on the backside of tile spiked with diesel mass spectrum
for the peak at retention time 9.701 min
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Figure 341: MAXXAbsorb used on the backside of tile spiked with diesel mass spectrum
for the peak at retention time 10.601 min

Figure 342: MAXXAbsorb used on the backside of tile spiked with diesel mass spectrum
for the peak at retention time 11.457 min
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Figure 343: MAXXAbsorb used on concrete spiked with Coleman fuel mass spectrum
for the peak at retention time 4.514 min

Figure 344: MAXXAbsorb used on concrete spiked with Coleman fuel mass spectrum
for the peak at retention time 4.744 min
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Figure 345: MAXXAbsorb used on concrete spiked with Coleman fuel mass spectrum
for the peak at retention time 5.009 min

Figure 346: MAXXAbsorb used on concrete spiked with Coleman fuel mass spectrum
for the peak at retention time 5.159 min
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Figure 347: MAXXAbsorb used on concrete spiked with Coleman fuel mass spectrum
for the peak at retention time 5.274 min

Figure 348: MAXXAbsorb used on concrete spiked with Coleman mass spectrum for the
peak at retention time 5.584 min
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Figure 349: MAXXAbsorb used on concrete spiked with Coleman fuel mass spectrum
for the peak at retention time 5.979 min

Figure 350: MAXXAbsorb used on concrete spiked with Coleman fuel mass spectrum
for the peak at retention time 6.465 min
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Figure 351: MAXXAbsorb used on concrete spiked with Coleman fuel mass spectrum
for the peak at retention time 6.730 min

Figure 352: MAXXAbsorb used on concrete spiked with Coleman fuel mass spectrum
for the peak at retention time 6.925 min
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Figure 353: MAXXAbsorb used on concrete spiked with Coleman fuel mass spectrum
for the peak at retention time 7.175 min

Figure 354: Instazorb used on concrete spiked with gasoline mass spectrum for the peak
at retention time 5.984 min
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Figure 355: Instazorb used on concrete spiked with gasoline mass spectrum for the peak
at retention time 6.420 min

Figure 356: Instazorb used on concrete spiked with gasoline mass spectrum for the peak
at retention time 6.760 min
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Figure 357: Instazorb used on concrete spiked with gasoline mass spectrum for the peak
at retention time 7.105 min

Figure 358: Instazorb used on concrete spiked with gasoline mass spectrum for the peak
at retention time 7.175 min
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Figure 359: Instazorb used on concrete spiked with gasoline mass spectrum for the peak
at retention time 7.505 min

Figure 360: Instazorb used on concrete spiked with gasoline mass spectrum for the peak
at retention time 7.865 min
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Figure 361: Instazorb used on concrete spiked with gasoline mass spectrum for the peak
at retention time 7.910 min

Figure 362: MAXXAbsorb used on concrete spiked with gasoline mass spectrum for the
peak at retention time 4.624 min
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Figure 363: MAXXAbsorb used on concrete spiked with gasoline mass spectrum for the
peak at retention time 4.784 min

Figure 364: MAXXAbsorb used on concrete spiked with gasoline mass spectrum for the
peak at retention time 5.094 min
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Figure 365: MAXXAbsorb used on concrete spiked with gasoline mass spectrum for the
peak at retention time 5.484 min

Figure 366: MAXXAbsorb used on concrete spiked with gasoline mass spectrum for the
peak at retention time 5.889 min
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Figure 367: MAXXAbsorb used on concrete spiked with gasoline mass spectrum for the
peak at retention time 6.014 min

Figure 368: MAXXAbsorb used on concrete spiked with gasoline mass spectrum for the
peak at retention time 6.054 min
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Figure 369: MAXXAbsorb used on concrete spiked with gasoline mass spectrum for the
peak at retention time 6.114 min

Figure 370: MAXXAbsorb used on concrete spiked with gasoline mass spectrum for the
peak at retention time 6.229 min
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Figure 371: MAXXAbsorb used on concrete spiked with gasoline mass spectrum for the
peak at retention time 6.460 min

Figure 372: MAXXAbsorb used on concrete spiked with gasoline mass spectrum for the
peak at retention time 6.775 min
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Figure 373: MAXXAbsorb used on concrete spiked with gasoline mass spectrum for the
peak at retention time 6.954 min

Figure 374: MAXXAbsorb used on concrete spiked with gasoline mass spectrum for the
peak at retention time 7.115 min
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Figure 375: MAXXAbsorb used on concrete spiked with gasoline mass spectrum for the
peak at retention time 7.185 min

Figure 376: MAXXAbsorb used on concrete spiked with gasoline mass spectrum for the
peak at retention time 7.515 min
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Figure 377: MAXXAbsorb used on concrete spiked with gasoline mass spectrum for the
peak at retention time 7.915 min

Figure 378: MAXXAbsorb used on concrete spiked with gasoline mass spectrum for the
peak at retention time 8.325 min
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Figure 379: Instazorb used on concrete spiked with kerosene mass spectrum for the peak
at retention time 6.445 min

Figure 380: Instazorb used on concrete spiked with kerosene mass spectrum for the peak
at retention time 7.630 min
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Figure 381: Instazorb used on concrete spiked with kerosene mass spectrum for the peak
at retention time 8.700 min

Figure 382: Instazorb used on concrete spiked with kerosene mass spectrum for the peak
at retention time 9.681 min
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Figure 383: Instazorb used on concrete spiked with kerosene mass spectrum for the peak
at retention time 10.591 min

Figure 384: MAXXAbsorb used on concrete spiked with kerosene mass spectrum for the
peak at retention time 11.452 min
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Figure 385: MAXXAbsorb used on concrete spiked with kerosene mass spectrum for the
peak at retention time 6.465 min

Figure 386: MAXXAbsorb used on concrete spiked with kerosene mass spectrum for the
peak at retention time 7.655 min
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Figure 387: MAXXAbsorb used on concrete spiked with kerosene mass spectrum for the
peak at retention time 8.700 min

Figure 388: MAXXAbsorb used on concrete spiked with kerosene mass spectrum for the
peak at retention time 9.696 min
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Figure 389: MAXXAbsorb used on concrete spiked with kerosene mass spectrum for the
peak at retention time 10.596 min

Figure 390: MAXXAbsorb used on concrete spiked with kerosene mass spectrum for the
peak at retention time 11.452 min
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Figure 391: MAXXAbsorb used on concrete spiked with kerosene mass spectrum for the
peak at retention time 12.267 min

Figure 392: Instazorb used on concrete spiked with diesel mass spectrum for the peak at
retention time 5.114 min
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Figure 393: Instazorb used on concrete spiked with diesel mass spectrum for the peak at
retention time 6.475 min

Figure 394: Instazorb used on concrete spiked with diesel mass spectrum for the peak at
retention time 7.675 min
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Figure 395: Instazorb used on concrete spiked with diesel mass spectrum for the peak at
retention time 8.740 min

Figure 396: Instazorb used on concrete spiked with diesel mass spectrum for the peak at
retention time 9.706 min

338

Figure 397: MAXXAbsorb used on concrete spiked with diesel mass spectrum for the
peak at retention time 5.144 min

Figure 398: MAXXAbsorb used on concrete spiked with diesel mass spectrum for the
peak at retention time 6.550 min
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Figure 399: MAXXAbsorb used on concrete spiked with diesel mass spectrum for the
peak at retention time 7.755 min

Figure 400: MAXXAbsorb used on concrete spiked with diesel mass spectrum for the
peak at retention time 8.795 min
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Figure 401: MAXXAbsorb used on concrete spiked with diesel mass spectrum for the
peak at retention time 9.736 min

Figure 402: MAXXAbsorb used on concrete spiked diesel mass spectrum for the peak at
retention time 10.616 min
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